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PREFACE 


The  International  Library  of  Technology  is  the  outgrowth 
of  a  large  and  increasing  demand  that  has  arisen  for  the 
Reference  Libraries  of  the  International  Correspondence 
Schools  on  the  part  of  those  who  are  not  students  of  the 
Schools.  As  the  volumes  composing  this  Library  are  all 
printed  from  the  same  plates  used  in  printing  the  Reference 
Libraries  above  mentioned,  a  few  words  are  necessary 
regarding  the  scope  and  purpose  of  the  instruction  imparted 
to  the  students  of — and  the  class  of  students  taught  by — 
these  Schools,  in  ordef  to- afford 'a  clear  tinderstanding  of 
their  salient  and  unique  feai'uVes. '    ' 

The  only  requirement  fcTr  frc^r^tssitm  to  any  of  the  courses 
offered  by  the  International  OiffeAj^ondence  Schools,  is  that 
the  applicant  shall  be  able  ir>  head\tn«  Knglish  language  and 
to  write  it  sufficiently  weir'to  make  his  written  answers  to 
the  questions  asked  him  intelligible.  Each  course  is  com- 
plete in  itself,  and  no  textbooks  are  required  other  than 
those  prepared  by  the  Schools  for  the  particular  course 
selected.  The  students  themselves  are  from  every  class, 
trade,  and  profession  and  from  every  country;  they  are, 
almost  without  exception,  busily  engaged  in  some  vocation, 
and  can  spare  but  little  time  for  study,  and  that  usually 
outside  of  their  regular  working  hours.  The  information 
desired  is  such  as  can  be  immediately  applied  in  practice,  so 
that  the  student  may  be  enabled  to  exchange  his  present 
vocation  for  a  more  congenial  one,  or  to  rise  to  a  higher  level 
in  the  one  he  now  pursues.  Furthermore,  he  wishes  to 
obtain  a  good  working  knowledge  of  the  subjects  treated  in 
the  shortest  time  and  in  the  most  direct  manner  possible. 
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In  meeting  these  requirements,  we  have  produced  a  set  of 
books  that  in  many  respects,  and  particularly  in  the  general 
plan  followed,  are  absolutely  unique.  In  the  majority  of 
subjects  treated  the  knowledge  of  mathematics  required  is 
limited  to  the  simplest  principles  of  arithmetic  and  mensu- 
ration, and  in  no  case  is  any  greater  knowledge  of  mathe- 
matics needed  than  the  simplest  elementary  principles  of 
algebra,  geometry,  and  trigonometry,  with  a  thorough, 
practical  acquaintance  with  the  use  of  the  logarithmic  table. 
To  efiEect  this  result,  derivations  of  rules  and  formulas  are 
omitted,  but  thorough  and  complete  instructions  are  given 
regarding  how,  when,  and  under  what  circumstances  any 
particular  rule,  formula,  or  process  should  be  applied;  and 
whenever  possible  one  or  more  examples,  such  as  would  be 
likely  to  arise  in  actual  practice — together  with  their  solu- 
tions— are  given  to  illustrate  and  explain  its  application. 

In  preparing  these  textbooks,  it  has  been  our  constant 
endeavor  to  view  the  matter  from  the  student's  standpoint, 
and  to  try  and  antipip]ajte.  feyenrljiijigrth^t  would  cause  him 
trouble.  The  utmost* pains  haCTd'hftcO'"  5taken  to  avoid  and 
correct  any  and  all  ambi^Jiousr^fejcpijessions — both  those  due 
to  faulty  rhetoric  and  th6se  flucPWiiisufficiency  of  statement 
or  explanation.  As'.xKe:  besl'r^'Jiv  tb  make  a  statement, 
explanation,  or  descrtptitfn  Clea^•^s•io  give  a  picture  or  a 
diagram  in  connection  with  it,  illustrations  have  been  used 
almost  without  limit.  The  illustrations  have  in  all  cases 
been  adapted  to  the  requirements  of  the  text,  and  projec- 
tions and  sections  or  outline,  partially  shaded,  or  full-shaded 
perspectives  have  been  used,  according  to  which  will  best 
produce  the  desired  results.  Half-tones  have  been  used 
rather  sparingly,  except  in  those  cases  where  the  general 
efiEect  is  desired  rather  than  the  actual  details. 

It  is  obvious  that  books  prepared  along  the  lines  men- 
tioned must  not  only  be  clear  and  concise  beyond  anything 
heretofore  attempted,  but  they  must  also  possess  unequaled 
value  for  reference  purposes.  They  not  only  give  the  maxi- 
mum of  information  in  a  minimum  space,  but  this  infor- 
mation is  so  ingeniously  arranged  and  correlated,  and  the 
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indexes  are  so  full  and  complete,  that  it  can  at  once  be 
made  available  to  the  reader.  The  numerous  examples  and 
explanatory  remarks,  together  with  the  absence  of  long 
demonstrations  and  abstruse  mathematical  calculations,  are 
of  great  assistance  in  helping  one  select  the  proper  for- 
mula, method,  or  process  and  in  teaching  him  how  and 
when  it  should  be  used. 

This  volume  treats  of  the  design  and  construction  of 
bridges  and  roof  trusses.  As  an  introduction  to  the  subject, 
a  full  set  of  bridge  specifications  is  given.  These  specifica- 
tions have  been  carefully  selected  and  compiled  from  those 
representing  the  best  modem  practice  among  bridge  engi- 
neers. The  principles  of  design  are  fully  illustrated  by  the 
complete  design,  including  all  details,  of  several  plate-girder 
bridges,  a  highway  bridge,  and  a  railroad  bridge.  The  part 
on  wooden  bridges  is  a  very  simple  and  most  convenient 
presentation  of  a  subject  on  which  there  is  almost  no  easily 
accessible  literature.  The  design  and  construction  of  bridge 
piers  and  abutments,  which  forms  so  important  a  part  of 
bridge  engineering,  is  treated  with  the  thoroughness  that  its 
importance  demands.  Several  bridge-drawing  plates — com- 
plete working  drawings — are  given  and  fully  described  in 
connection  with  the  design  work  dealt  with  in  the  text. 

The  method  of  numbering  the  pages,  cuts,  articles,  etc.  is 
such  that  each  subject  or  part,  when  the  subject  is  divided 
into  two  or  more  parts,  is  complete  in  itself;  hence,  in  order 
to  make  the  index  intelligible,  it  was  necessary  to  give  each 
subject  or  part  a  number.  This  number  is  placed  at  the  top 
of  each  page,  on  the  headline,  opposite  the  page  number; 
and  to  distinguish  it  from  the  page  number  it  is  preceded  by 
the  printer's  section  mark  (§).  Consequently,  a  reference 
such  as  §  16,  page  26,  will  be  readily  found  by  looking  along 
the  inside  edges  of  the  headlines  until  §  16  is  found,  and 
then  through  §  16  until  page  26  is  found. 
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INTRODUCTION 

1.  In  the  early  days  of  brids^e  trusses,  when  wood,  beins: 
plentiful  and  cheap,  was  used  to  a  ereat  extent,  bridc^es 
were  invariably  built  without  plans,  and  in  a  er^at  many 
cases  without  previously  calculatincf  any  stresses  or  desis^n- 
inz  any  members.  They  were  built  by  men  called  6ru(ge 
carpenters^  and  the  experience  of  the  foreman  or  superin- 
tendent of  the  e^ne  usually  enabled  him  to  decide  on  the 
sizes  of  members  to  be  used.  As  the  loads  were  then  lifi^ht 
and  timber  was  much  more  plentiful  than  it  is  now,  the 
errors  were  (generally  on  the  side  of  safety;  that  is,  the 
bridfifes  were  made  more  than  strong:  enouc^h  for  the  loads. 

2.  When  wood  was  replaced  by  wroufi^ht  iron,  it  became 
necessary  to  manufacture  in  the  shops  most  of  the  members, 
and  desifi^ns  and  plans  were  made.  There  were  no  systematic 
scientific  methods  of  desis:n,  however;  the  details,  instead 
of  beinfi:  proportioned  according:  to  the  forces  they  were  to 
resist,  were  desis:ned  and  arranged  as  seemed  most  conve- 
nient. Many  bridges  at  that  time  were  designed  by  shop 
foremen  that  had  no  knowledge  of  stresses;  the  members 
were  laid  out  full  size  on  the  shop  floors,  and  made  so  as  to 
utilize  the  material  on  hand  in  the  stock  yard.  Very  few,  if 
any,  bridges  were  designed  to  allow  an  increase  in  the  loads 
they  were  to  carrv  in  the  future. 

8.  Later,  engineers  began  to  realize  that  both  safety  and 
economy  required  that  bridges  should  be  designed  according 
to  scientific  principles  and  constructed  in  conformity  with 

Ct09riKki§e  k9  fnUmaiionai  Tkxtbook  Comptmy.    EnUrtd  at  Statiotur^  Ualin  Lom^tm 

174 

186—2 


2  BRIDGE  SPECIFICATIONS  §74 

fixed  rules  derived  from  both  experience  and  theoretical 
investigations.  Such  rules,  when  assembled  tog^ether  for  the 
guidance  of  the  designer,  builder,  or  contractor,  are  called 
specifications.  Specifications  differed  greatly  at  first,  but 
after  a  short  time  they  began  to  approach  each  other,  and 
today  the  points  in  which  the  various  specifications  differ 
from  one  another  are  comparatively  few.  It  is  not  unlikely 
that  standard  specifications  for  the  construction  of  all 
bridges  of  the  same  type  will  be  adopted  in  the  near  future. 
The  introduction  of  such  uniform  system  will  greatly  facilitate 
bridge  design  and  construction. 

4.  When  the  earlier  bridges  were  finished,  the  plans,  if 
any,  that  had  been  used  in  the  design  and  construction  were 
either  destroyed  or  lost,  as  the  importance  of  saving  them 
for  future  reference  was  apparently  not  fully  realized.  As 
a  result,  there  are  at  the  present  time  many  bridges  in  use 
for  which  no  plans  can  be  found;  when  it  is  desired  to  know 
if  they  can  support  with  safety  heavier  loads  than  they  have 
been  carrying,  it  is  difficult  and  very  expensive  to  calculate 
their  strength,  for  it  is  first  necessary  to  measure  accurately 
the  span,  panel  length,  and  depth  of  girders,  and  trusses^ 
the  cross-sections  of  stringers,  floorbeams,  girders,  and  truss 
members,  and  the  details  of  all  connections.  For  this  reason, 
it  has  become  the  custom  to  keep  on  file  detail  plans  of 
every  new  bridge;  these  plans  show  the  location  of  ev.ery 
rivet  and  the  size  of  every  piece  of  metal  in  the  structure, 
and  are  of  great  value  for  future  reference. 

5.  In  the  following  articles  are  given  bridge  specifica- 
tions agreeing  with  the  best  practice  in  the  United  States  at 
the  present  time.  The  clauses  are  those  that  actual  practice 
has  shown  to  be  most  suitably  adapted  to  the  purposes  stated. 
Some  of  these  specifications  will  be  discussed  at  the  end  of 
this  Section;  others,  such  as  those  relating  to  plate  girders, 
will  be  given  in  the  Sections  on  design.  It  will  be  sufficient 
for  the  student  to  read  these  specifications  very  carefully, 
so  as  to  get  a  good  idea  of  their  contents;  it  is  not  neces- 
sary  to  memorize  them. 
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The  bridcfes  in  the  followinc:  Sections  will  be  designed 
according  to  these  specifications.  In  case  it  is  necessary  to 
design  bridges  according  to  other  specifications,  as  is  usually 
the  case  when  a  designer  works  for  a  bridge  or  railroad 
company,  it  will  simply  be  necessary  to  read  over  the  other 
specifications  and  design  the  work  accordingly. 


SPECIFICATIONS  FOR  THE  DESION  OF 
STEEL  BRIDGES 


TTjANB  AKD  PBOPOSAIiS 

6«  Enfi^lneer  and  Contractor. — The  term  Engrineer, 
where  used  in  these  specifications,  refers  to  the  Chief  or  Con- 
sulting Engineer  in  charge  of  the  design  and  construction  of 
the  bridge,  and  to  his  duly  authorized  assistants  or  repre- 
sentatives. The  term  Contractor  refers  to  the  bidder  to 
whom  the  contract  for  the  work  has  been  awarded,  and  to 
his  duly  authorized  representatives.  The  decision  of  the 
Engineer  shall  be  authoritative  in  all  cases  of  uncertainty. 

7.  Iietter  of  Invitation. — A  copy  of  these  specifications 
will  be  furnished  each  bidder;  in  addition,  he  will  be  given 
a  letter  of  invitation  to  bid,  stating  the  general  descrip- 
tion of  the  work  for  which  bids  are  desired  and  any  additional 
facts  that  may  be  necessary.  In  case  the  requirements 
given  in  the  letter  of  invitation  conflict  in  any  way  with  those 
in  the  specifications,  those  in  the  letter  of  invitation  will  rule. 

8.  Bids. — Bids  shall  state  the  total  sum  for  which  the 
work,  as  described  in  the  letter  of  invitation,  will  be  done, 
the  estimated  weight,  and  price  per  pound,  of  each  class  of 
material,  and  the  amount  of  time  required  to  complete  the 
work.  They  shall  be  made  with  the  understanding  that 
the  Engineer  reserves  the  right  to  make  such  changes  in 
the  plans,  before  the  commencement  of  work,  as  may  be 
considered  advisable  by  him  to  render  the  bridge  a  satisfac- 
tory piece  of  work.     The  increase  or  decrease  in  price  due 
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to  such  chans:e  shall  be  estimated  from  the  pound  price  of 
the  original  bid,  and  shall  be  added  to  or  deducted  from  the 
contract  price. 

9.  Extension  of  Time.  — The  Contractor  shall  be  respon- 
sible for  damages  on  account  of  delay  from  any  cause  during 
the  progress  of  the  work.  If  any  unforeseen  delay  shall 
arise,  it  will  entitle  him  to  an  extension  of  time,  to  be 
S:ranted  in  writing  by  the  Engineer  at  the  time  of  the  delay. 

10.  Patent  Devices. — The  Contractor  shall  assume  all 
responsibility  for  the  use  of  patent  devices  in  any  part  of  the 
bridge,  or  in  connection  with  the  work  of  construction. 

11.  Subcontractors. — No  part  of  the  work  shall  be  sub- 
let, nor  shall  the  contract  for  the  whole  or  any  part  of  the  work 
be  assigned  by  the  Contractor,  without  the  written  consent 
of  the  Engineer.  No  part  of  the  work  shall  be  done  in  a  shop 
not  properly  equipped  with  modern  facilities.  These  specifi- 
cations shall  be  binding  on  subcontractors  in  every  respect. 

12.  Plans  and  Stress  Sheets. — As  a  rule,  the  Engineer 
will  provide  each  bidder  with  plans  and  stress  sheets,  show- 
ing the  loads  assumed,  the  resulting  stresses,  the  proposed 
sizes  and  sectional  areas  of  the  members,  and  the  style  of 
the  details  and  connections,  as  well  as  lengths,  heights,  and 
clearances.  The  bidder  shall  verify  the  plans  before  he 
submits  his  bid,  and  he  alone  shall  be  responsible  for  any 
errors,  except  as  to  general  layout.  He  shall  return  the 
Engineer's  plans  if  his  bid  is  not  accepted.  If  the  Engineer 
does  not  furnish  plans  and  stress  sheets  as  described,  the 
bidder  shall  furnish  them  with  his  bid,  if  requested  to  do  so 
by  the  Engineer. 

13.  Working:  Drawlngrs. — After  a  contract  has  been 
awarded  and  before  any  material  is  ordered  cmt  work 
meoced,  the  Contractor  shall  submit  to  the  Eoglneer 
complete  sets  of  working  drawings*  including  erection  dia- 
grams* When  satisfactory;  one  set  of  such  drawings  and 
diagrams  will  be  approved  and  tieltinied  to  the  Contractor, 
and  all  work  shall  be  ^done  in  accordance  with  them.     Tl 
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Contractor  alone  shall  be  responsible  for  the  correctness  of 
these  drawings,  even  if  they  have  been  approved  by  the 
En£:ineer.  No  changes  shall  be  made  on  the  drawings  after 
they  have  been  approved,  unless  authorized  in  writing  by 
the  Engineer.  On  the  completion  of  the  work,  the  Con- 
tractor shall  furnish  the  Engineer  one  complete  set  of  tra- 
cings of  the  working  drawings,  which  will  be  permanently 
filed  in  the  office  of  the  Engineer.  The  Contractor  shall, 
when  required,  furnish  also  the  necessary  plans  for  design- 
ing the  masonry. 

Drawings  shall  preferably  be  not  more  than  24  in.  X  36  in., 
with  details  drawn  to  a  scale  of  I  or  1  inch  to  1  foot. 


DESIGN  OF  RAUiBOAD  BRIDGES 


GENERAL    DIMENSIONS 

14.  Kinds  of  Bridsres. — The  following  kinds  of  bridges 
shall  preferably  be  used: 

For  spans  less  than  25  feet  in  length,  rolled  beams. 

For  spans  from  25  to  100  feet  in  length,  plate  girders. 

For  spans  from  100  to  150  feet  in  length,  riveted  trusses. 

For  spans  over  150  feet  in  length,  pin-connected  trusses. 

If,  for  any  reason,  it  is  desired  to  depart  more  than  10  feet 
from  these  limits,  permission  in  writing  must  be  obtained 
from  the  Engineer. 

Deck  bridges  will  have  the  preference  wherever  the  con- 
ditions permit  their  use. 

15.  Panel  Jjengths  and  Depths. — The  depth  of  plate 
girders  shall  preferably  be  one-eighth,  and  in  no  case  less 
than  one-twelfth,  of  the  span.  The  depth  of  trusses  shall 
praferably  be  not  less  than  one-sixth  of  the  span.    Panel 

^lall  preferably  be  from  10  to  25  feet,  and  in  truss 

Im  to  chosen  that  the  angle  between  diagonal 

i>tlM  lower  chord  shall  be  not  less  than  50^. 

'""^'  *-J|wnB    and    Deck    Girders. — 
H  9  iacfaes  center  to  center. 
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Deck  girders  less  than  70  feet  long  shall  be  spaced  6  feet 
6  inches  center  to  center;  deck  girders  over  70  feet  long 
shall  be  spaced  6  inches  farther  apart  for  each  10  feet  increase 
in  length.  In  bridges  on  curves,  the  center 
line  between  stringers,  and  between  deck 
girders,  shall  be  parallel  to  the  chord  of  the 
curve  between  abutments,  and  at  a  distance 
from  it  equal  to  two -thirds  the  middle 
ordinate. 


]gSi^ 


Pio.l 


17.  Half-Throngrli  Bpldgres.— Half- 
through  truss  bridges  shall  be  avoided  when 
possible.     Where  used,  the  flanges  and 

brackets  shall  not  come  closer  to  the  center  line  of  track  than 

shown  in  outline  in  Fig.  1. 

18.  TliPoufiTli  Bridgres.  —  In  through  bridges  on 
straight  track,  no  part  of  the  structure  shall  come  closer  to 
the  center  line  of  the  nearest  track  than 
shown  in  outline  in  Fig.  2.  In  bridges 
on  curves,  there  shall  be  provided  1  inch 
additional  clearance  on  each  side  of  the 
track  for  each  degree  of  curvature,  and 
2i  inches  additional  clearance  on  the 
inside  of  the  curve  for  each  inch  of 
superelevation  of  track. 

19.  Spacins:  and  Gau|^e  of 
Tracks. — Tracks  shall  be  spaced 
13  feet  center  to  center,  unless  other- 
wise specified.  The  gauge  of  track  is 
4  feet  8i  inches. 

20.  Spacingr  of  Trusses. — The 

distance  center  to  center  of  trusses  shall 
preferably  be  not  less  than  one-twelfth 
the  span,  and  in  no  case  less  than  one- 
half  the  depth  of  trusses. 

21.  Double-Track  Spans. —  Double-track  spans  shall 
preferably  have  only  two  trusses  or  girders.     Where,  on 
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account  of  thin  floors,  three-truss  bridges  are  advisable,  the 
tracks  shall  be  spread  so  as  to  provide  the  proper  clearance 
between  the  tmsses  for  each  track. 


LOADING 

22.  Iioads. — Bridc:es  shall  be  desis^ned  to  resist  properly 
the  stresses  caused  by  the  following  forces:  dead  load;  live, 
or  moving,  load;  impact  and  vibration;  centrifugal  force;  wind 
pressure;  and  the  longitudinal  force  due  to  suddenly  stopping 
trains. 

23.  Dead  lioad. — The  dead  load  shall  consist  of  the 
estimated  weight  of  the  entire  structure.  The  weight  of 
ties,  guard  timbers,  and  rails  shall  be  taken  as  400  pounds 
per  linear  foot  of  track,  of  timber  as  ^\  pounds  per  board 
foot,  and  of  ballast  as  120  pounds  per  cubic  foot.  In  truss 
bridges,  two-thirds  of  the  dead  load  shall,  in  general,  be 
assumed  as  applied  at  the  loaded  chord,  and  one-third  at  the 
unloaded  chord. 

24.  liive  liOad. —  The  live  load  on  each  track  shall 
consist  of  two  engines  followed  by  a  uniform  load  of  5,000 
pounds  per  linear  foot,  as  represented  in  Fig.  3,  or  a  loading 


roof  cf  TrveM 
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having  the  same  spacing  of  wheels  and  derived  from  the 
former  by  multiplying  each  load  by  the  same  number. 

25.  Impact  and  Vibration. — To  provide  for  impact 
and  vibration,  an  amount  /  is  to  be  added  to  the  stress  or 
bending  moment  in  each  member,  as  given  in  the  following 
formulas,  in  which 

S  =  maximum  live-load  stress  or  bending  moment  in  the 

member; 
L  =  length,  in  feet,  of  single  track  that  must  be  loaded  in 
order  to  obtain  the  value  5. 
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For  counters,  hip  verticals,  subverticals,  short  diasfonals, 
floor  members  and  connections,  and  members  subject  to 
reversal  of  stress, 

/=  S 
For  all  other  members, 

J  ^      300      e 
Z,  +  300 

26.  Centrifngral  Force. — In  bridges  on  carves,  the 
centrifugal  force  F  shall  be  found  from  the  formula 

100 
in  which  D  =  degree  of  curvature; 

IV  =  live  load. 
Centrifugal  force  shall  be  assumed  to  act  6  feet  above  the 
rail. 

27.  Wind  Pressure. — Wind  pressure  shall  be  assumed 
as  300  pounds  per  linear  foot  on  a  train,  applied  7  feet  above 
the  top  of  the  rail,  and  30  pounds  per  square  foot  on  the 
exposed  area  of  one  girder  in  girder  bridges,  one  truss  in 
through  bridges,  or  two  trusses  in  deck  bridges,  together 
with  the  floor  in  truss  bridges.  When  50  pounds  per  square 
foot  on  twice  the  exposed  area  of  one  truss  and  the  exposed 
area  of  the  floor,  with  no  train  on  the  bridge,  produces 
greater  stresses  than  the  above,  the  greater  stresses '  shall 
be  used. 

28.  Suddenly  Stopping:  Trains. — The  longitudinal 
force  due  to  the  friction  between  the  rails  and  the  wheels 
of  suddenly  stopping  trains  shall  be  taken  as  one-fifth  of 
the  live  load  on  the  structure. 


DESIGN    OF    MEMBERS 

29.  Worklngr  Stresses. — All  parts  shall  be  so  designed 
that  the  sum  of  the  maximum  stresses  in  any  part  shall  not 
cause  the  intensity  of  stress  to  exceed  the  following  values 
in  pounds  per  square  inch: 

Tension  on  net  section,  16,000. 
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Compression  on  fi:ross  section, 

16,000 


1  + 


18,0001^ 

in  which  /  =  nnsupported  length  of  member,  in  inches; 
r  =  least  radius  of  gyration,  in  inches. 
In  half-through  truss  bridges,  the  entire  length  of  the 
upper  chord  shall  be  considered  unsupported  laterally. 
Shear  on  net  section  of  web-plates, 

12,000 

1  + 


3,000/* 
in  which  /  =  thickness  of  web,  in  inches; 

d  s=  clear  distance,  in  inches,  between  stiffeners  or 
flange  angles,  whichever  is  the  smaller. 
The  intensity  of  the  shearing  stress  found  by  dividing  the 
total  vertical  shear  by  the  gross  area  of  cross-section  of  the 
web  shall  in  no  case  exceed  9,000. 
Shear  on  shop  rivets  and  pins,  11,000. 
Shear  on  field  rivets  and  turned  bolts,  9,000. 
Bending  on  pins,  22,000. 
Bending  on  rolled  sections  and  plate  girders: 
Tension,  16,000. 

Compression,  when  unsupported  length  /  of  compres- 
sion flange   is   not   greater  than  twenty   times   the 
width  w,  16,000. 
Compression,  when  /  is  greater  than  20  w^ 

20,000-200-^ 
w 

Bearing  on  shop  rivets  and  pins,  22,000. 

Bearing  on  field  rivets,  turned  bolts,  and  ends  of  stifEeners, 

18,000. 

Bearing  on  masonry: 

Sandstone  and  limestone,  800. 

Cement  concrete,  400. 

Granite,  500. 

Bearing  on  rollers  shall  not  exceed  600  D  pounds  per 

linear  inch  of  roller,  D  being  diameter  of  roller  in  inches. 
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30.  Data. — The  following:  fi^enexal  dimensions  shall  first 
be  calculated  or  assumed: 

Length  of  trusses,  center  to  center  of  end  pins  or  pedestals. 

Length  of  girders,  center  to  center  of  bearings. 

Length  of  floorbeams,  center  to  center  of  girders  or 
trusses. 

Length  of  stringers,  center  to  center  of  floorbeams. 

Depth  of  trusses  and  girders,  center  to  center  of  gravity 
of  chords  or  flanges. 

31.  Floor  Members. — Solid  floor  sections,  I  beams,  and 
channels  shall  be  designed  by  their  moments  of  inertia,  or 
section  moduli.  The  load  on  each  axle  shall  be  assumed  to 
be  distributed  over  a  length  of  3  feet  in  designing  solid  floor 
sections.  In  bridges  on  curves,  stringers  and  deck  girders 
shall  be  designed  for  the  increase  in  load  due  to  the 
eccentricity  of  the  track. 

32.  CompressiQn  Members. — Pin  and  bolt  holes  shall 
be  deducted  from  the  gross  section  of  compression  members. 

The  value  of  -  shall  preferably  be  from  40  to  60,  and  must 

r 

not  exceed  100  for  main  members,  nor  120  for  members  of 
lateral  systems.  Splices  in  compression  members  shall  have 
sufficient  rivets  to  fully  develop  the  stresses  in  the  members. 

33.  Tension  Members. — The  net  section  of  a  riveted 
tension  member  shall  be  determined  by  deducting  from  the 
gross  section  the  area  of  cross-section  of  the  greatest  num- 
ber of  pin,  bolt,  or  rivet  holes  that  can  be  cut  by  a  plane  at 
right  angles  to  the  member.  In  addition,  for  rivets  \  inch 
in  diameter  and  larger,  there  shall  be  deducted  each  hole 
whose  center  lies  within  \  inch  of  the  cutting  plane,  and  a 
proportionate  part  of  each  hole  whose  center  lies  within 
2f  inches;  and  for  rivets  I  inch  in  diameter  and  smaller,  each 
hole  whose  center  lies  within  \  inch  of  the  cutting  plane,  and 
a  proportionate  part  of  each  hole  whose  center  lies  within 
2  inches.  Rivet  holes  shall  be  taken  \  inch  larger  in  diameter 
than  the  rivets. 
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34.  Beversal  of  Stress. — Members  subject  to  both 
tension  and  compression  shall  be  designed  to  resist  each 
stress  plus  eis:ht-tenths  of  the  other  stress. 

35.  Combined  Stresses. — Members  subject  to  trans- 
verse stresses  in  addition  to  the  direct  stresses  shall  be 
desisted  for  both. 

36.  Bearing:  Values  of  Rivets. — In  calculatin^f  the 
bearing:  value  of  a  rivet,  the  area  subjected  to  stress  shall 
be  taken  as  equal  to  the  product  of  the  thickness  of  the  plate 
and  the  diameter  of  the  rivet  before  driving:,  that  is,  the 
nominal  diameter.  The  value  of  countersunk  rivets  shall 
not  be  counted. 

^  6EKERAX    DBTAIIiS 

37.  General  Reqairements  for  Details  and  Con- 
nections.— Special  attention  shall  be  g:iven  to  all  details 
and  connections;  they  shall  always  be  of  greater  strength 
than  the  body  of  the  member.  All  details  shall  be  accessible 
for  inspection,  cleaning,  and  painting.  Details  that  permit 
the  collection  of  water  shall  be  avoided  if  possible;  if  used, 
they  shall  be  provided  with  drainage  holes  or  filled  with 
cement  concrete. 

38.  Minimnm  TMokness. — No  material  less  than 
i  inch  thick  shall  be  used  except  for  latticing  and  fillers. 

39«  Singrle  Angrles. — Members,  or  sides  of  members, 
composed  of  single  angles  shall  have  both  legs  of  each 
angle  connected  at  the  ends,  or  only  75  per  cent,  of  the  sec- 
tion shall  be  counted.  No  angle  shall  be  smaller  than 
3  in.  X  8  in.  X  f  in.,  nor  be  connected  by  less  than  four 
rivets,  except  for  unimportant  details. 

40.  Size  of  Rivets. — Rivets  shall  generally  be  i  inch 
and  i  inch  in  diameter.  The  diameter  of  the  rivet  shall  not 
be  greater  than  one-fourth  the  width  of  the  bar  or  angle 
through  which  the  rivet  passes,  except  for  unimportant 
details,  where  i-inch  rivets  may  be  used  in  3-inch  angles, 
and  f-incb  rivets  in  2i-inch  angles. 
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41.  Spacingr  of  Rivets. — Rivets  i  inch  in  diameter 
shall  be  spaced  not  more  than  6  nor  less  than  3  inches  center 
to  center,  and  placed  not  closer  than  1|  inches  to  any  sheared 
edge  nor  closer  than  li  inches  to  any  rolled  edge-^xcept  in 
special  cases  to  conform  to  standards,  where  they  may  be 
placed  not  closer  than  li  inches  to  a  rolled  edge.  Rivets 
i  inch  in  diameter  shall  be  spaced  not  more  than  6  nor  less 
than  2i  inches  center  to  center,  and  placed  not  closer  than 
li  inches  to  any  sheared  edge  nor  closer  than  li  inches  to 
any  rolled  edge — except  to  conform  to  standards,  where 
they  may  be  placed  not  closer  than  li  inches  to  a  rolled 
edge.  The  spacing  of  rivets  at  the  ends  of  compression 
members  shall  not  exceed  four  times  the  diameter  of  the 
rivets  for  a  distance  equal  to  the  width  of  the  member. 

42.  Grip  of  Rivets. — The  grip  of  rivets  shall  prefer- 
ably not  exceed  five  times  the  diameter  of  the  rivet,  and 
shall  in  no  case  exceed  5  inches.  When  the  grip  is  greater 
than  4  inches,  the  calculated  number  of  rivets  shall  be 
increased  1  per  cent,  for  each  iV  inch  increase  in  grip. 

43.  Compression  Members. — In  compression  mem- 
bers, the  material  shall  mostly  be  concentrated  at  the  sides. 
The  unsupported  widths  of  plates  shall  not  exceed  thirty 
times  their  thickness  for  web-plates,  nor  forty  times  their 
thickness  for  cover-plates  of  chords  and  end  posts.  No 
closed  sections  will  be  allowed. 

44.  Tie-Plates  and  Liattice  Bars. — The  open  sides 
of  all  built-up  members  shall  be  stiffened  by  means  of  tie- 
plates  and  lattice  bars.  The  length  of  tie-plates  shall  be 
not  less  than  li  times  the  width  of  the  member.  Double 
latticing  shall  preferably  make  an  angle  of  about  45®  with 
the  axis  of  the  member,  and  the  bars  shall  be  riveted  where 
they  cross  each  other.  Single  latticing  shall  preferably 
make  an  angle  of  about  60°  with  the  axis  of  the  member. 
Bars  in  single  latticing  shall  have  a  thickness  not  less  than 
one-fortieth,  and  in  double  latticing  not  less  than  one-sixtieth, 
of  the  length  of  the  bar.  Lattice  bars  shall  be  not  less  than 
2i  inches  wide  for  members  up  to  9  inches,  not  less  than 
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2i  inches  for  members  from  9  to  15  inches,  and  not  less  than 
3  inches  for  members  more  than  15  inches  in  width  or  depth. 

45.  Expansion. — Provision  for  expansion  and  contrac- 
tion due  to  chang:es  of  temperature  shall  be  made  at  the  rate 
of  1  inch  for  every  100  feet. 

46.  Camber. — ^All  trusses  shall  be  cambered  by  g^ivincf 
the  panels  of  the  top  chord  an  excess  of  length  in  the  pro- 
portion of  i  inch  to  every  10  feet.  Plate  girders  shall  not 
be  cambered. 

47.  I  Beams. — In  short  deck  spans,  when  more  than 
one  I  beam  is  used  under  a  rail,  the  beams  shall  be  bolted 
together  with  cast-iron  separators  between  them,  and  con- 
nected by  lateral  bracing  between  the  two  sets  of  beams. 


DETAIUS    OF    FLOOR    SYSTEMS 

48.  Ties,  Guard  Timbers,  and  Rails. — Ties,  guard 
timbers,  rails,  wooden  floors,  and  ballast,  where  necessary, 
will  be  provided  and  put  in  place  by  the  railroad  company. 
Cross-ties  are  8  in.  X  8  in.,  10  feet  long,  framed  to  not  less 
than  7i  inches  over  bearings  for  stringers  and  girders  6  feet 
6  inches  center  to  center.  The  depth  of  the  tie  is  increased 
1  inch  for  each  6  inches  additional  width  of  girders.  Ties 
are  spaced  12  inches  center  to  center,  and  every  fourth  tie  is 
fastened  to  each  stringer  by  a  |-inch  bolt.  Guard  timbers 
are  8  inches  wide  and  6  inches  thick,  framed  to  4  inches  over 
ties,  and  spaced  4  feet  from  inner  edge  to  center  of  track. 
They  are  fastened  by  |-inch  bolts  to  the  ties  that  are  con- 
nected to  the  stringers. 

49.  Floor  Members. — Floor  members  shall  be  designed 
with  special  reference  to  stiffness;  the  depth  of  stringers 
shall  be  not  less  than  one-eighth  of  the  panel  length,  and 
that  of  floorbeams  not  less  than  one-sixth  of  the  distance 
between  trusses  or  girders. 

50.  Floor  Connections. — Stringers  shall  be  at  right 
angles  to  the  floorbeams,  and  shall  be  riveted  to  the  floor- 
beam  webs.    If  possible,  they  shall  also  rest  on  shelf  angles 
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riveted  to  the  webs  of  the  floorbeams.  Floorbeams  shall 
preferably  be  at  ng:ht  ang^les  to  the  girders  or  tmsses.  In 
half-through  plate-girder  bridges,  the  beams  shall  be  riveted 
to  the  webs  of  the  girders.  In  through  truss  bridges,  the 
beams  shall  be  riveted  to  the  vertical  posts,  or  to  the  web 
connection  plates;  if  there  are  no  vertical  posts,  diaphragms 
shall  be  riveted  in,  connecting  the  web  connection  plates  at 
the  ends  of  the  floorbeams.  In  deck  truss  bridges,  the 
beams  shall  either  be  riveted  to  the  trusses  as  in  through 
bridges,  or  rest  on  the  upper  chords. 

51.  Connection  Angeles. — The  connection  angles  of 
stringers  to  floorbeams,  and  floorbeams  to  girders  and 
trusses,  shall  not  be  smaller  than  3i  in.  X  3i  in.  X  "A"  in. 
The  fillers  under  connection  angles  shall  be  wider  than  the 
adjacent  leg  of  the  angle,  and  shall  have  two-thirds  as 
many  rivets  through  the  projecting  portion  as  through  the 
portion  under  the  angle. 

52.  Deck  Bridsres. — In  deck  girder  bridges,  the  ties 
shall  rest  directly  on  the  top  flange.  In  deck  truss  bridges, 
the  ties  shall  not  rest  directly  on  the  top  chord  members; 
there  shall  always  be  a  floor  system  with  floorbeams  at  the 
panel  points. 

1 53.  End  Floorbeams. — All  bridges  with  floor  systems 
shall  preferably  be  provided  with  end  floorbeams  of  the  same 
cross -section  as  intermediate  floorbeams.  Where  this  is 
impossible,  the  end  stringers  shall  rest  on  the  masonry;  end 
struts,  of  nearly  the  same  depth  as  the  end  stringers,  shall 
be  riveted  to  them  and  to  the  girders  or  trusses. 

54.  Solid  Floors. — Solid  floors  shall  preferably  be  made 
of  a  plate  not  less  than  t^  inch  thick  riveted  to  the  tops  of 
longitudinal  I  beams  supported  by  floorbeams. 


DETAILS    OF    PLATE    GIRDERS 

55.  Stlffeners. — Webs  shall  have  stiffeners  over  bear- 
ing points,  at  points,  of  local  concentrated  loadings,  and  at 
intervals  not  greater  than  the  depth  of  the  girder  nor  more 
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than  6  feet.  Neat  the  ends,  the  spacing  of  stiSeners  shall 
be  one-third  to  one-half  the  depth.  They  shall  be  composed 
of  two  angles,  one  on  each  side  of  the  web,  and  shall  fit 
tight  between  the  horizontal  legs  of  the  flange  angles.  For 
girders  having  flange  angles  with  outstanding  or  horizontal 
legs  5  inches  in  width,  stiSeners  shall  be  not  less  than 
4  in.  X  3i  in.  X  I  in.;  with  outstanding  legs  6  inches  in 
width,  not  less  than  5  in.  X  3i  in.  X  I  in.;  and  with  outstand- 
ing legs  8  inches  in  width,  not  less  than  6  in.  X  3i  in.  X  I  in. 
Rivets  in  stiffeners  shall  be  spaced  not  over  3i  inches  apart 
for  a  distance  of  14  inches  at  each  end,  and  not  over  6  inches 
apart  for  the  remaining  distance.  When  the  clear  vertical 
distance  between  flange  angles  is  less  than  fifty  times  the 
thickness  of  the  web,  stiSeners  may  be  omitted — except 
over  bearings,  where  they  shall  be  designed  to  resist  the 
reactions. 

56.  Web  BpUces. — ^Web-plates  shall  be  spliced  by  one 
or  more  plates  on  each  side;  the  splice  plates  shall  have  a 
section  equal  to  at  least  three-fourths  that  of  the  web,  and  a 
pair  of  StiSeners  shall  be  placed  outside  the  plates.  There 
shall  be  not  less  than  two  rows  of  rivets  3i  inches  apart  on 
each  side  of  the  splice;  rivets  in  splice  plates  shall  be  spaced 
not  over  3i  inches  apart  for  a  distance  of  14  inches  at  top 
and  bottom,  and  not  over  4i  inches  between.  Web  splices 
shall  be  designed  for  the  same  resisting  moment  as  the 
web. 

57.  Flanflre  Rivets. — The  pitch  of  rivets  connecting  the 
flange  angles  to  the  web  at  any  point  shall  be  calculated  by 
the  formula 

.  Khr 

in  which  p  «  pitch,  in  inches; 

K  =  smallest  value  of  the  rivet,  in  pounds; 

Ar  =  vertical  distance,  in  inches,  between  centers 

of  rivet  lines  of  flanges; 
y^  total  maximum  vertical  shear,  in  pounds,  at 

the  section. 
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When  the  ties  rest  on  the  top  flanges  of  deck  carders,  the 
pitch  of  rivets  in  the  top  flange  shall  be  90  per  cent,  of  the 
calculated  pitch.  The  rivets  connecting  flange  plates  to 
flange  angles  shall  have  the  same  spacing  as,  and  stagger 
with,  those  connecting  the  flange  angles  to  the  web.  The 
spacing  of  rivets  in  plate-girder  flanges  shall  in  no  case 
exceed  4i  inches. 

58.  FliiniroM, — Flanges  shall  be  designed  by  the  net  sec- 
tion of  the  bottom  flange  and  by  the  gross  section  of  the  top 
flungo«  One-eighth  of  the  web  shall  be  considered  as  part 
of  the  flange  section*  Girders  with  deep  webs  may  have 
flanges  ciMnposed  of  vertical  as  well  as  horizontal  flange 
plates  and  secondary  flange  angles. 

AIK  Fliin|i«'  An^tlea* — Flange  angles  shall  preferably  be 
of  large  sections:  in  general*  not  less  than  one-third  to  one- 
half  the  flAng1^  section  shall  be.  composed  of  angles. 

tMK  Fluiitft'  rii%f<««  —  Flange  plates  shall  preferably 
havt"  a  thickness  not  greater  than  the  angles,  nor  more  tihan 
)  inch:  when  iwv^  or  more  plates  are  used*  tbey  shaD  have 
Ih^"  s^me  thickness,  or  shall  diminish  in  thickness  ovitwards 
trv^m  the  angles,  except  the  fir^t  plate  in  the  top  flange, 
>hhN'h  sh^U  extend  the  full  length  of  ^le  flange,  and  may  be 
thvA^r  thAU  the  other  plates.  Odicr  plates  shall 
IS  r,x^Srs  a:  e^iTh  e?>d  beyvxad  their  theccetical  ends. 
i^U^{'S  s>,aV,  ex^^r^l  berw^i  the  %>cter  !iaes  of  rirets  not  i 
t^:^.  4  : ,v>^s.  vN^r  :s!Oce  ti^as  ei^  tOMS  the  ihirknr«  ol  l 

*j;'if  iT^>  $iiJLlI  Ne  sr&ec  ^  HP* 

7  ^^sr  cesc  :^nK  ol  At 
fcr:   r.x*^   ^«r  eodk  saie  d 
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plates.  When  splice  plates  are  not  in  direct  contact  with  the 
plates  they  splice,  the  calculated  number  of  rivets  shall  be 
increased  20  per  cent,  for  each  intervening  plate.  Only  one 
member  shall  be  spliced  at  any  section. 

62.  Rlvetlngr  of  Girders. —  Deck  girder  bridges  less 
than  70  feet  long  shall  preferably  be  riveted  up  complete 
before  shipping.  

DETAILS    OF    RIVETBD    TRUSSES 

63.  Cbord  Members. — The  chords  and  end  posts  shall 
be  composed  of  channels,  or  of  vertical  plates  and  flange 
angles,  connected  by  cover-plates  at  the  top  and  by  tie- 
plates  and  lattice  bars  at  the  bottom.  Gusset  plates  for  the 
connection  of  web  members  to  chords  shall  be  riveted  to 
the  inside  of  the  chords,  and  shall  be  designed  to  resist 
the  stresses  to  which  they  are  subjected. 

64.  Web  Members. — ^Web  members  shall  intersect  each 
other  and  the  chords  on  lines  passing  through  their  centers 
of  gravity,  and  shall  be  thoroughly  riveted  to  each  other  and 
to  the  connection  plates  at  every  intersection.  Web  mem- 
bers shall  be  composed  of  symmetrical  sections,  preferably 
not  less  than  12  inches  in  width,  connected  by  web-plates  or 
by  tie-plates  and  lattice  bars.  The  clear  distance  between 
gussets  shall  be  not  more  than  i  inch  greater  than  the 
width  of  the  web  member  that  connects  to  them. 

65.  Connections  and  Splices. — Splices  of  chords  shall 
be  as  close  as  practicable  to  panel  points.  All  splices  of 
chords  and  connections  of  web  members  shall  have  enough 
rivets  to  develop  fully  the  stress  in  the  members.  If  a  splice 
occturs  at  a  joint,  that  part  of  the  gusset  in  contact  with  the 
chord  shall  be  counted  as  a  splice  plate. 

66.  Tension  Members. — Tension  members  shall  be  of 
the  same  general  form  as  compression  members.  The  use 
of  flat  bars  alone  for  riveted  tension  members  will  not 
be  allowed. 


136-^ 
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DETAILS    OF    PIN-CONKECTED    TRUSSES 

67.  Cbord  Members. — The  top  chord  and  end  posts 
shall  be  composed  of  channels,  or  of  vertical  plates  with 
flang:e  angles,  connected  by  cover-plates  at  the  top  and  by 
tie-plates  and  lattice  bars  at  the  bottom,  or  by  tie-plates  and 
lattice  bars  at  both  top  and  bottom.  Splices  of  top  chords 
shall  be  as  close  as  practicable  to  panel  points,  and  shall 
have  enough  rivets  to  develop  the  stresses  fully.  The  bot- 
tom chord  shall  be  composed  of  eyebars;  the  inside  bars  in 
the  two  end  panels  shall  be  connected  to  each  other  by  dia- 
phragms or  by  lattice  bars.  The  eyebars  shall  be  packed  on 
the  pins  as  narrow  as  possible;  those  in  any  panel  shall  not  be 
in  contact,  and  shall  not  diverge  from  the  center  line  of  truss 
by  more  than  iV  inch  per  foot. 

68.  Web  Members. — Web  members  shall  intersect  each 
other  and  the  chords  on  lines  passing  through  their  centers 
of  gravity,  and  pins  shall  be  located  at  the  intersections  of 
these  lines.  Compression  web  members  shall  be  composed 
of  symmetrical  sections,  preferably  not  less  than  12  inches  in 
width,  connected  by  web-plates  or  by  tie-plates  and  lattice  bars. 
Tension  web  members,  except  hip  verticals  and  subverticals, 
shall  be  composed  of  eyebars.  Hip  verticals  and  subverticals 
shall  be  of  the  same  general  form  as  compression  members. 

69.  Counters. — Counters  shall  be  adjustable  eyebars 
with  screw  ends  and  open  turnbuckles.  The  area  at  the  root 
of  an  upset  screw  end  shall  in  no  case  be  less  than  10  per 
cent,  greater  than  the  body  of  the  bar.  No  counter  shall 
have  a  sectional  area  of  less  than  3  square  inches. 

70.  Minimum  Eyebars. — No  eyebar  shall  be  less  than 
4  inches  in  width  or  less  than  i  inch  in  thickness. 

71.  Pins. — Pins  shall  be  not  less  than  3  inches  in 
diameter,  and  shall  project  i  inch  at  each  end  beyond  the 
outside  surfaces  of  the  members. 

72.  Riveted  Tension  Members. — Riveted  tension 
members  shall  have  a  net  section  back  of  pinholes  at  least 
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equal  to  the  net  section  of  the  member,  and  throucfh  pinholes 
at  least  25  per  cent,  greater. 

73.  Pin  Plates. — Where  necessary  for  section  or  bear- 
ins:*  members  shall  be  reinforced  at  pinholes  by  pin  plates. 
Each  plate  shall  contain  sufficient  rivets  to  transmit  its  pro- 
portion of  the  bearincf  pressure  to  the  member.  One  plate 
on  each  side  shall  extend  at  least  6  inches  beyond  the  end 
of  the  tie-plate.  The  cross^section  of  a  compression  mem- 
ber throufifh  a  pinhole  shall  be  at  least  equal  to  that  of  the 
member.  

DETAIL.8    OF    STEEL    TRESTL.ES    (VIADUCTS) 

74.  Toilers  and  Main  Spans. — Steel  trestles  shall 
consist  of  riveted  spans  on  trestle  bents  braced  in  pairs  to 
form  towers.  Tower  spans  shall  be  not  less  than  30  feet 
Ions:,  and  shall  be  riveted  to  the  tops  of  the  trestle  bents; 
main  spans  shall  be  riveted  to  the  tops  of  the  trestle  bents 
at  one  end,  and  bolted  to  them  at  the  other  throug:h  expan- 
sion holes.  In  single-track  trestles,  the  girders  shall  be  con- 
nected to  the  tops  of  the  columns;  in  double-track  trestles, 
the  outer  lines  of  girders  or  trusses  shall  be  connected  to  the 
tops  of  the  columns,  and  the  inner  lines  to  cross-girders,  the 
ends  of  which  are  connected  to  the  tops  of  the  columns. 

75.  Trestle  Bents. — Trestle  bents  for  single-track  tres- 
tles shall  be  not  less  than  8  feet  wide  on  top,  and  the  batter 
of  each  post  shall  be  not  less  than  1  horizontal  to  6  vertical. 
Trestle  bents  for  double-track  trestles  shall  be  not  less  than 
19  feet  6  inches  wide  on  top,  and  the  batter  of  each  post  shall 
be  not  less  than  1  horizontal  to  8  vertical.  On  curves,  towers 
shall  be  placed  so  that  the  center  lines  of  the  bents  are  at 
right  angles  to  the  chord  of  the  curve  between  bents. 

76.  Towers. — Towers  shall  be  divided  into  stories  not 
more  than  30  feet  in  height  by  horizontal  struts  and  diagonal 
bracing  between  the  columns. 

77.  NegratlTe  Reactions.  —  In  estimating  negative 
(downward)  reactions  at  the  feet  of  the  columns,  the  weight 
of  train  shall  be  taken  as  800  pounds  per  linear  foot. 
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DSTAIL.S    OF    BEARINGS 

78.  Bedplates. — The  ends  of  all  spans  and  the  bottoms 
of  columns  of  trestle  bents  shall  rest  on  bedplates  or  ped- 
estals, and  shall  be  held  in  place  by  anchor  bolts.  Bedplates 
for  girders  and  stringers  shall  be  not  less  than  1  inch 
in  thickness,  and  for  trusses  and  columns  not  less  than 
li  inches.  Holes  for  anchor  bolts  may  be  i  inch  larger  in 
diameter  than  the  bolts. 

79.  Ancbor  Bolts. — Anchor  bolts  shall  be  not  less 
than  1  inch  in  diameter  for  girders  and  stringers,  nor 
less  than  li  inches  for  trusses;  they  shall  be  set  in  holes 
drilled  in  the  masonry,  and  the  holes  shall  be  filled  with 
cement  grout.  Anchor  bolts  for  columns  having  a  negative 
reaction  shall  be  designed  to  resist  the  reaction,  and  shall  be 
built  in  a  mass  of  masonry  the  weight  of  which  is  not  less 
than  twice  the  estimated  reaction.  Anchor  bolts  in  expansion 
ends  shall  be  so  placed  that  the  ends  can  move  freely  in  the 
direction  of  expansion,  and  in  no  other  direction. 

80.  Pedestals. — Spans  over  75  feet  in  length  shall  have 
pin  bearings  and  pedestals  at  both  ends.  Pedestals  shall  be 
built  up  of  base  and  web  plates  not  less  than  i  inch  in 
thickness..  The  webs  shall  be  secured  to  the  base  plates  by 
angles  not  less  than  6  in.  X  4  in.  X  i  in.,  with  the  6-inch  leg 
vertical,  and  the  webs  shall  be  connected  to  each  other. 
The  pedestals  shall  be  of  sufficient  height  to  distribute  the 
load  over  the  bearings. 

81.  Ends  of  Columns. — Caps  and  base  plates  shall  be 
connected  to  the  tops  and  bottoms,  respectively,  of  all  via- 
duct columns,  by  means  of  horizontal  angles  not  less  than 
6  in.  X  4  in.  X  i  in.,  with  the  6-inch  leg  vertical  or  parallel  to 
the  batter  of  the  column. 

82.  Rollers. — Spans  over  75  feet  in  length  shall  have 
rollers  at  one  end.  Rollers  shall  be  not  less  than  3  inches 
in  diameter,  and  shall  be  turned  down  to  a  groove  i  inch 
deep  to  fit  guiding  strips  of  this  thickness  on  the  bearing 
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plates  above  and  below  the  rollers.  Special  attention  shall 
be  given  to  roller  bearing:s,  so  that  they  will  not  hold  water, 
and  so  that  they  can  be  readily  cleaned. 

83.  Adjacent  Spans. — When  the  girders  or  trusses  of 
two  adjacent  spans  rest  on  the  same  pier,  the  bedplates  and 
pedestals  shall  be  entirely  independent  for  each  girder  pr  truss. 

84.  Spans  on  Grade. — For  spans  without  rocker  bear- 
ings, a  sole  plate  of  the  same  size  as  the  bedplate  shall  be 
riveted  to  the  bottom  of  the  span  at  each  end;  if  the  track  is 
on  a  grade,  the  sole  plate  shall  be  planed  to  bevel,  so  that 
the  lower  surface  will  be  level  when  the  floor  of  the  span  is 
parallel  to  the  grade. 

DETAILS    OF    BRACING 

85.  Independent  Bracing^* — All  spans  shall  be  inde- 
pendently braced;  no  bracing  shall  be  used  in  common  for 
any  two  adjacent  spans. 

86.  Style  of  Members. — Members  of  bracing  shall 
either  be  built-up  members  or  be  composed  of  simple  rolled 
shapes.  They  shall  intersect  each  other,  and  the  members 
to  which  they  connect,  on  lines  passing  as  nearly  as  practi- 
cable through  their  centers  of  gravity,  and  shall  be  riveted 
to  each  other  and  to  connection  plates  at  every  intersection. 
No  member  shall  be  less  than  3i  in.  X  3i  in.  X  I  in.,  and 
no  connection  shall  have  less  than  four  rivets. 

87.  Ijateral  Braclngr* — Top  and  bottom  lateral  bracing 
shall  be  provided  in  deck  and  through  bridges;  bottom  lateral 
bracing  in  half-through  bridges.  Lateral  bracing  shall  be 
riveted  to  the  stringers  of  the  floor  system  wherever  it  comes 
in  contact  with  them.  Deck  girders  shall  have  the  top  lateral 
bracing  so  arranged  that  the  length  of  the  flange  between 
lateral  connections  will  not  exceed  twelve  times  its  width.  If 
stringers  are  longer  than  twelve  times  the  width  of  the  flange, 
lateral  bracing  shall  be  riveted  to  their  upper  flanges. 

88.  Transverse  Braclngr* — Deck  girder  brjldges  shall 
have  transverse  frames,  of  the  same  depth  as.  the  girders, 
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riveted  to  the  stiffeners  near  the  ends,  and  at  other  points 
at  distances  apart  not  greater  than  15  feet.  If  string^ers  are 
longer  than  twenty  times  the  width  of  the  flange,  transverse 
frames  shall  be  riveted  to  their  webs  at  the  intersections  of 
the  stringers  and  lateral  bracing.  Deck  truss  bridges  shall 
have  sway-bracing,  of  the  same  depth  as  the  trusses,  at 
every  panel  point. 

89.  Knee  Braclngr> — Half-through  bridges  shall  have 
brackets  pr  knee  braces  riveted  to  the  floorbeams  or  the 
tops  of  solid  floors,  and  to  the  webs  of  the  girders.  Knee 
braces  shall  fit  tight  under  the  top  flange  angles  of  girders, 
and  shall  be  as  wide  at  the  top  of  the  rail  as  the  clearance 
will  allow.  They  shall  be  so  arranged  that  the  distance 
between  them  shall  not  exceed  twelve  times  the  width  of 
the  top  flange  of  the  girder. 

90.  Portal  Bracing^. — Through  bridges  shall  have 
portals  and  portal  brackets,  and  intermediate  brackets  at 
each  transverse  strut  of  the  upper  lateral  bracing.  Portals 
shall  be  as  deep  as  the  specified  clearance  will  allow. 
Where  the  headroom  above  the  track  is  25  feet  or  more, 
sway  frames  shall  be  provided  at  every  panel  point  of  the 
top  chord;  they  shall  be  as  deep  as  the  required  headroom 
will  allow.  

DESIGN  OP  HIGHWAY  AND  STBEET-BATLWAT 
BRIDGES 


GENERAL.    DIMENSIONS 

91.  Kinds  of  Bridges. — The  following  kinds  of  bridges 
shall  preferably  be  used: 

For  spans  less  than  35  feet  in  length,  rolled  beams. 

For  spans  from  35  to  100  feet  in  length,  plate  girders. 

For  spans  from  100  to  150  feet  in  length,  riveted  trusses. 

For  spans  longer  than  150  feet,  pin-connected  trusses. 

If,  for  any  reason,  it  is  desired  to  depart  more  than  10  feet 
from  these  limits,  permission  in  writing  must  be  obtained 
from  the  Engineer. 
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92.  Panel  TjengthB  and  Depths. — The  depth  of  sfirders 
shall  preferably  be  not  less  than  one-twelfth  the  span. 
Panel  leng:ths  shall  preferably  be  from  15  to  30  feet,  and  in 
truss  bridges  the  panel  lengths  and  depths  shall  be  so  chosen 
that  the  inclined  web  members  shall  make  an  angle  with  the 
lower  chord  of  not  less  than  50^.  The  depth  of  I  beams 
shall  in  no  case  be  less  than  one-thirtieth  of  the  span. 

93.  SpaclnfiT  of  Strlngrers,  Girders,  and  Trusses. 

For  bridges  carrying  only  a  railway  track,  stringers  of  floor 
systems,  and  deck  girders  less  than  70  feet  long,  shall  be 
spaced  6  feet  6  inches  center  to  center.  Deck  girders  over 
70  feet  long  shall  be  spaced  6  inches  farther  apart  for  each 
10  feet  increase  in  length.  Stringers,  girders,  and  trusses  in 
bridges  carrying  both  railways  and 
highways,  or  highways  only,  shall  be 
arranged  to  accommodate  the  actual 
traffic,  and  shall  be  adapted  to  local 
conditions.  Trusses  shall  be  spaced 
not  less  than  one-twentieth  of  the  span. 

94.  Clearance. — No  part  of  any 
bridge  shall  come  closer  to  the  center 
line  of  the  nearest  track  than  is  shown 
in  outline  in  Fig.  4.  If  a  track  is  on  a 
curve,  i  inch  additional  clearance  for 
each  degree  of  curvature  shall  be  pro- 
vided on  the  outside  of  the  curve,  and 
on  the  inside  of  the  curve  i  inch  addi- 
tional clearance  for  each  degree  of 
curvature,  and  2  inches  for  each  inch  of  superelevation  of 
track.  All  through  highway  bridges  carrying  railways  shall 
have  a  clear  headroom  of  15  feet  at  a  distance  of  3  feet  from 
the  wheel-guards;  those  carrying  highways  only  shall  have  a 
clear  headroom  of  not  less  than  13  feet  at  a  distance  of  3  feet 
from  the  wheel-guards. 

96.  Spaclngr  of  Tracks. — When  there  is  more  than 
one  track,  the  tracks  shall  be  asstuned  as  10  feet  center 
to  center. 
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LOADING 

96.  lioads. — Bridges  carrying  highways  only  shall  be 
designed  to  resist  properly  the  stresses  caused  by  the 
following  forces:  dead  load^  live  or  moving  loady  and  wind 
pressure.  Bridges  carrying  railways  alone  or  in  connection 
with  highways  shall  be  designed  to  resist  properly  the 
stresses  caused  by  the  forces  mentioned  and»  in  addition, 
those  caused  by  impact  and  vibration^  centrifugal  iorce^  and 
the  longitudinal  force  due  to  suddenly  stopping  cars. 

97.  Dead  Lioad. — The  dead  load  shall  consist  of  the 
estimated  weight  of  the  entire  structure.  The  actual  weight 
of  the  floor  and  track,  if  any,  shall  be  computed;  timber 
shall  be  assumed  to  weigh  4i  pounds  per  board  foot.  For 
bridges  carrying  railways  alone,  the  weight  of  rails,  ties,  etc. 
may  be  taken  as  300  pounds  per  linear  foot  of  track.  In 
truss  bridges,  one-half  the  weight  of  the  trusses  shall  be 
assumed  as  applied  at  the  loaded  chord,  and  one-half  at  the 
unloaded  chord;  the  entire  weight  of  floor  shall  be  assumed 
as  applied  at  the  loaded  chord. 

98.  Lilve  Load. — The  live  load  shall  consist  of  the 
estimated  maximum  moving  loads  that  the  bridge  is  expected 
to  carry.  It  will  depend  on  the  amount  and  kind  of  traffic 
to  which  the  bridge  is  to  be  subjected,  and  shall  in  general 
be  assumed  as  follows: 

1.  For  City  Bridges  Subject  to  Heavy  Loads. — For  the 
hip  verticals,  subverticals,  short  diagonals,  floor  hangers, 
and  floor  members  of  all  spans,  either  a  uniform  load  of 
100  pounds  per  square  foot  on  all  parts  of  the  floor,  or  a 
steam  road  roller  weighing  20  tons  distributed  as  repre- 
sented in  Fig.  5.  For  the  girders  or  trusses  of  all  spans  up 
to  100  feet,  a  uniform  load  of  100  pounds  per  square  foot 
on  the  entire  surface  of  the  floor;  of  all  spans  over  200  feet, 
80  pounds  per  square  foot;  and  of  intermediate  spans,  pro- 
portional intermediate  values.  (Between  100  and  200  feet, 
the  uniform  load  decreases  1  pound  per  square  foot  for  each 
5  fee^  increase  in  span.) 
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2.  For  Bridges  in  the  Suburbs  of  Cities  and  in  Well' 
Settled  Town  Districts. — For  the  hip  verticals,  subverticals, 
short  diagonals,  floor  hang:ers,  and  floor  members  of  all 
spans,  either  a  uniform  load  of  100  pounds  per  square  foot 
on  all  parts  of  the  floor,  or  a  steam  road  roller  weighing: 
15  tons  distributed  as  represented  in  Fig.  6.  For  the  girders 
or  trusses  of  all  spans  up  to  100  feet,  a  uniform  load  of 
80  pounds  per  square  foot   on   the   entire   surface  of  the 
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floor;  of  all  spans  over  200  feet,  60  potmds  per  square  foot; 
and  of  intermediate  spans,  proportional  intermediate  values. 
(Between  100  and  200  feet  the  uniform  load  decreases 
1  pound  per  square  foot  for  each  5  feet  increase  in  span.) 
8.  for  Bridges  in  Country  Districts  and  in  Thinly  Settled 
Communities, — For  the  hip  verticals,  subverticals,  short 
dfagonalSf  floor  bangers,  and  floor  members  and  connections 
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of  all  spans,  either  a  uniform  load  of  80  pounds  per  square 
foot  on  all  parts  of  the  floor,  or  a  steam  road  roller  weigh- 
ing; 15  tons  distributed  as  represented  in  Fig:.  6.  For  the 
girders  or  trusses  of  all  spans  up  to  75  feet,  a  uniform  load 
of  80  pounds  per  square  foot  on  the  entire  surface  of  the 
floor;  of  all  spans  over  200  feet,  55  pounds  per  square  foot; 
and  of  intermediate  spans,  proportional  intermediate  values. 
(Between  75  and  200  feet,  the  uniform  load  decreases 
1  pound  per  square  foot  for  each  5  feet  increase  in  span.) 
4.  For  All  Bridges  Carrying  Street  Railway,  or  That  Are 
Expected  to  Carry  Street  Railway  in  the  Near  Future, — For 
g          A  o  o       ^^®  ^^P  verticals,  sub- 

g          g  1  i       verticals,  short  diag- 

onals, floor  hangers, 
and  floor  members  of 
fs' 4^5'—^        all  spans,  and  for  the 


Q  fp       o  o 


^^^'  ^  girders  of  spans  less 

than  75  feet,  an  electric  car  on  each  track  weighing  40  tons, 
distributed  as  shown  in  Fig.  7;  for  the  web  members  of  spans 
75  to  100  feet  in  length,  1,600  pounds  per  linear  foot,  and  of 
all  spans  over  100  feet,  a  floorbeam  load  of  (1,600/)  pounds 

for  each  track  at  ( j  floorbeams  (j^  being  the  panel  length, 

in  feet);  for  the  chord  members  of,  spans  75  feet  in  length, 
1,600  pounds  per  linear  foot;  of  spans  275  feet  or  more  in 
length,  1,000  pounds  per  linear  foot;  and  of  intermediate 
spans,  proportional  intermediate  values.  (Between  75  and 
275  feet,  the  uniform  load  decreases  3  pounds  for  each  1  foot.) 
5.  For  Bridges  Carrying  Both  Highway  and  Street  Rail- 
way, — The  live  load  shall  consist  of  the  electric  car  or  uni- 
form load  given  in  item  4  above,  together  with  the  uniform 
loads  given  in  items  1,  2,  or  3  covering  the  entire  floor, 
except  a  width  of  10  feet  for  each  track. 

99.  Impact  and  Vibration . — To  provide  for  impact  and 
vibration  in  bridges  carrying  street  railways,  an  amount  /  is 
to  be  added  to  the  stress  or  bending  moment  caused  by  the 
car  in  each  member,  as  given  by  the  following  formulas: 
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For  counters,  hip  verticals,  snbverticals,  short  diagonals, 
floor  hangers,  floor  members  and  connections,  members  sub- 
ject to  reversal  of  stress,  and  all  other  members  for  which 
L  is  less  than  25  feet, 

/=  A5 

For  members  for  which  L  is  greater  than  26  feet  and  less 
than  200  feet, 

.^300-/:  c. 
1,000 
For  all  members  for  which  L  is  greater  than  200  feet, 

/=  tV5 
Here,      5  =  maximum  live-load  stress  or  bending  moment 
in  the  member  due  to  load  on  car  track; 
L  =  length  of  track,  in  feet,  that  must  be  loaded  in 
order  to  obtain  the  value  5. 

100.  wind  Pressare. — Wind  pressure  shall  be  assumed 
in  girder  bridges  as  50  pounds  per  square  foot  on  the  exposed 
area  of  one  girder,  and  in  truss  bridges  as  50  potmds  per 
square  foot  on  twice  the  exposed  area  of  one  truss  together 
with  the  exposed  area  of  the  floor.  In  designing  the  stringers 
of  floor  systems  in  bridges  carrying  railway,  the  wind  pres- 
sure on  the  cars  shall  be  assumed  to  be  250  pounds  per  linear 
foot,  applied  6  feet  above  the  rail,  and  the  center  of  moments 
for  the  increase  in  load  on  the  leeward  stringer  shall  be 
taken  at  the  top  of  the  rail. 

101.  Centrifugal  Force. — In  bridges  on  curves,  the 
centrifugal  force  F  caused  by  electric  cars  shall  be  assumed 
to  act  5  feet  above  the  rail,  and  shall  be  found  by  the  formula 

^^/1.5-.05M^^ 
\       100       / 
in  which  D  =  degree  of  curve; 

W  =  live  load. 

102.  Suddenly  Stoppingr  Cars. — The  longitudinal 
force  due  to  a  suddenly  stopping  car  shall  be  taken  equal 
to  16,000  pounds  applied  at  the  top  of  the  rail. 
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DESIGN    OF    MEMBERS 

103.  Working  Stresses. — All  parts  shall  be  so  designed 
that  the  sum  of  the  maximum  stresses  shall  not  cause  the 
intensities  of  stress  to  exceed  the  following  values,  in  pounds 
per  square  inch: 

Tension  on  net  section,  16,000. 

Compression  on  gross  section, 

16,000 

1  + 


18,000  r' 

in  which   /  =  unsupported  length  of  member,  in  inches; 
r  =  least  radius  of  gyration,  in  inches. 
In  half-through   truss  bridges,  the  entire  length  of  the 
upper  chord  shall  be  considered  unsupported  laterally,  the 
stiffening  effect  of  knee  braces  being  ignored. 
Shear  on  net  sections  of  web  plates, 

12,000 

1+: 


3,000/* 
in  which   /  =  thickness  of  the  web,  in  inches; 

d  =  clear  distance,  in  inches,  between  stiffeners  or 
flange  angles,  whichever  is  the  smaller. 
The  intensity  of  shearing  stress  found  by  dividing  the  total 
vertical  shear  by  the  gross  area  of  cross-section  of  the  web 
shall  in  no  case  exceed  9,000. 
Shear  on  shop  rivets  and  pins,  11,000. 
Shear  on  field  rivets  and  turned  bolts,  9,000. 
Bending  on  pins,  22,000. 
Bending  on  rolled  sections  and  plate  girders: 
Tension,  16,000. 

Compression,  when  unsupported  length  /  of  compres- 
sion  flange   is   not    greater   than   twenty   times   the 
width  w,  16,000. 
Compression,  when  /  is  greater  than  20  w^ 

20,000  -  200  - 
w 

Bearing  on  shop  rivets  and  pins,  22,000. 
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Bearing:  on  field  rivets,  turned  bolts,  and  ends  of  stiffeners, 
18,000. 
Bearing:  on  masonry: 

Sandstone  and  limestone,  300. 
Cement  concrete,  400. 
Granite,  500. 
The  bearing;  on  rollers  shall  not  exceed  600  D  pounds  per 
linear  inch  of  roller,  in  which  D  is  the  diameter  of  roller,  in 
inches. 

Bending;  on  fir,  yellow-pine,  and  white-oak  beams,  1,200. 
Bending  on  white-pine  and  spruce  beams,  1,000. 

104.  Data. — The  following  general  dimensions  shall 
first  be  calculated  or  assumed: 

Length  of  trusses,  center  to  center  of  end  pins  or  pedestals. 

Length  of  girders,  center  to  center  9f  bearings. 

Length  of  floorbeams,  center  to  center  of  girders  or 
trusses. 

Length  of  stringers,  center  to  center  of  floorbeams. 

Depth  of  trusses  and  girders,  center  to  center  of  gravity 
of  chords  or  flanges. 

105.  Compression  Members. — Pin  and  bolt  holes 
shall  be  deducted  from  the  gross  section  of  compression 

members.     The  value  of  -  will  preferably  be  from  40  to  60, 

r 

and  must  not  exceed  100  for  main  members,  nor  120  for 
members  of  lateral  systems.  Splices  in  compression  mem- 
bers shall  have  sufficient  rivets  to  develop  fully  the  stresses 
in  the  members. 

106.  Tension  Members. — The  net  section  of  a  riveted 
tension  member  shall  be  determined  by  deducting  from  the 
gross  section  the  area  of  cross-section  of  the  greatest  num- 
ber of  pin,  bolt,  or  rivet  holes  that  can  be  cut  by  a  plane  at 
right  angles  to  the  member.  In  addition,  for  rivets  \  inch 
in  diameter  and  larger,  there  shall  be  deducted  each  hole 
whose  center  lies  within  I  inch  of  the  cutting  plane  and  a 
proportional  part  of  each  hole  whose  center  lies  within 
2i  inches;  and,  for  rivets  \  inch  in  diameter  and  smaller. 
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there  shall  be  deducted  each  hole  whose  center  lies  within 
i  inch  and  a  proportional  part  of  each  hole  whose  center  lies 
within  2  inches.  Rivet  holes  shall  be  taken  i  inch  lars^er  in 
diameter  than  the  rivets. 

107.  Reversal  of  Stress. — Members  subject  to  both 
tension  and  compression  shall  be  designed  to  resist  each 
stress  plus  eight-tenths  of  the  other  stress. 

108.  Combined  Stresses. — Members  subject  to  trans- 
verse stresses  in  addition  to  the  direct  stresses  shall  be 
designed  for  both  kinds  of  stress. 

109.  Bearing  Values  of  Rivets. — In  calculating  the 
bearing  value  of  a  rivet,  the  area  subjected  to  stress  shall  be 
taken  equal  to  the  product  of  the  thickness  of  the  plate  and 
the  diameter  of  the  rivet  before  driving,  that  is,  the  nominal 
diameter.  The  value  of  countersunk  rivets  shall  not  be 
counted. 

110.  Floor  Stringrers. — In  bridges  with  steel  stringers, 
each  stringer  shall  be  designed  to  support  one-half  the  load 
on  a  front  wheel  of  a  steam  roller  and  one-half  the  load  on 
one  rear  roller,  forming  a  system  of  two  concentrated  loads. 
In  bridges  with  wooden  joists,  the  loads  on  each  roller  of  a 
steam  road  roller  may  be  assumed  to  be  distributed  over  a 
width  12  inches  greater  than  the  width  of  the  roller,  and  the 
portion  that  goes  to  each  stringer  or  joist  calculated  on 
this  basis. 

GENERAL.    DETAILS 

111.  Details  and  Connections. — Special  attention 
shall  be  given  to  all  details  and  connections,  which  shall 
always  be  of  greater  strength  than  the  body  of  the  member. 
All  details  shall  be  accessible  for  inspection,  cleaning,  and 
painting.  Details  that  permit  the  collection  of  water  shall 
be  avoided  if  possible;  if  used,  they  shall  be  provided  with 
drainage  holes  or  filled  with  cement  concrete. 

112.  Minimum  Thickness. — No  material  less  than 
1^  inch  thick  shall  be  used  except  for  latticing  and  fillers, 
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and  for  webs  of  channels,  which  may  be  i  inch  thick.  If  the 
bridge  is  over  a  steam  railroad,  no  material  less  than  1  inch 
thick  sball  be  used  below  the  floor,  except  for  buckled  plates, 
for  which  i^-inch  material  may  be  used  under  sidewalks. 

113.  SlnfiTle  Alleles. — Members  or  sides  of  members 
composed  of  single  angles  shall  have  both  legs  of  each 
angle  connected  at  the  ends,  or  only  75  per  cent,  of  the 
section  shall  be  counted.  No  angle  shall  be  smaller  than 
2i  in.  X  2i  in.  X  A  in.,  nor  be  connected  by  less  than  three 
rivets,  except  for  unimportant  details. 

114.  Sizes  of  Rivets. — Rivets  shall  generally  be  either 
i  inch  or  i  inch  in  diameter.  The  diameter  of  the  rivet  shall 
not  be  greater  than  one-quarter  the  width  of  the  bar  or  angle 
through  which  it  passes,  except  for  unimportant  details, 
where  i-inch  rivets  may  be  used  in  3-inch  angles,  and  1-inch 
rivets  in  2i-inch  angles. 

115.  Spaeliifi:  of  Rivets. — The  distance  center  to  center 
of  rivet  holes  shall  be  not  less  than  three  times  the  diameter 
of  the  rivets,  nor  more  than  6  inches  in  any  line.  The  cen- 
ters of  rivet  holes  shall  not  be  closer  to  the  edge  of  any 
piece  than  li  times  the  diameter  of  the  rivet.  The  spacing 
of  rivets  at  the  ends  of  compression  members  shall  not 
exceed  four  times  the  diameter  of  the  rivet  for  a  distance 
equal  to  the  width  of  the  member.  For  the  remainder  of  the 
length  of  compression  members,  the  distance  center  to  center 
of  rivets  shall  be  not  greater  than  sixteen  times  the  thickness 
of  the  thinnest  outside  plate. 

116.  Compression  Members. — In  compression  mem- 
bers, the  material  shall  be  concentrated  at  the  sides  as  much 
as  possible.  The  unsupported  width  of  plates  shall  not 
exceed  thirty  times  their  thickness  for  web-plates,  nor  forty 
times  for  cover-plates  of  chords  and  end  posts.  No  closed 
sections  will  be  allowed. 

117.  Tie-Plates  and  I^attlce  Bars. — The  open  sides 
of  all  built-up  members  shall  be  stiffened  by  means  of  tie- 
plates  and  lattice  bars.    The  length  of  tie-plates  shall  be  not 
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less  than  their  width.  Double  latticing  shall  preferably  make 
an  angle  of  about  45°  with  the  axis  of  the  member,  and  the 
bars  shall  be  riveted  where  they  cross  each  other.  Single 
latticing  shall  preferably  make  an  angle  of  about  60°  with 
the  axis  of  the  member.  The  thickness  of  tie-plates  shall 
be  not  less  than  one-fortieth  the  distance  between  their  rivet 
lines;  the  thickness  of  bars  in  single  latticing  shall  be  not 
less  than  one-fortieth,  and  in  double  latticing  one-sixtieth 
of  the  distance  between  the  rivets  in  their  ends.  Lattice 
bars  shall  be  not  less  than  2i  inches  wide  for  members  up 
to  9  inches,  not  less  than  2i  inches  for  members  from  9  to 
15  inches,  nor  less  than  3  inches  for  members  more  than 
15  inches  in  width  or  depth. 

118.  Expansion. — Provision  for  expansion  and  contrac- 
tion shall  be  made  at  the  rate  of  1  inch  for  every  100  feet 
of  span. 

119.  Camber. — All  trusses  shall  be  cambered  by  giving 
the  panels  of  the  top  chord  an  excess  of  length  in  the  pro- 
portion of  i  inch  for  each  10  feet.  Plate  girders  shall  not 
be  cambered. 

DETAILS    OF    FLOOR    SYSTEMS 

120.  Wooden  Floors. — In  bridges  constructed  solely 
for  street-railway  purposes,  ties  shall  be  of  yellow  pine  not 
less  than  5  inches  wide,  7  inches  deep,  and  10  feet  long,  and 
shall  be  framed  to  6i  inches  over  bearings  for  stringers  and 
girders  6  feet  6  inches  center  to  center.  For  girders  over 
6  feet  6  inches  center  to  center,  the  depth  of  tie  shall  be 
increased  i  inch  for  each  6-inch  increase  in  the  spacing  of 
the  girders.  Ties  shall  be  spaced  not  more  than  12  inches 
center  to  center,  and  every  fourth  tie  shall  be  fastened  at 
both  ends  to  the  stringers  or  girders  by  f-inch  bolts.  Guard 
timbers  of  yellow  pine  not  less  than  6  in.  X  6  in.,  framed  to 
4  inches  over  ties,  shall  be  bolted  by  |-inch  bolts  to  the  ties 
that  are  bolted  to  the  stringers,  and  so  that  the  inner  edge  of 
the  guard  timber  shall  be  4  feet  from  the  center  of  the  track. 
Guard  timbers  shall  extend  over  all  piers  and  abutments. 


§74  BRIDGE  SPECIFICATIONS  33 

Superelevation  of  rails  on  curves  shall  be  provided  for  as 
may  be  required  in  each  case. 

121.  In  bridges  with  wooden  floors  constructed  for  com- 
bined street-railway  and  highway  purposes,  the  rails  shall 
preferably  be  supported  on  yellow-pine  ties  not  less  than 
6  in.  X  6  in.  in  size,  nor  less  than  8  feet  long,  spaced  not 
over  15  inches  center  to  center  and  resting  on  the  stringers. 
Longitudinal  nailing  pieces  not  over  2  feet  apart  shall  be 
spiked  to  the  top  of  the  tie;  they  shall  be  not  less  than 
3  inches  wide,  and  of  sufficient  height  to  bring  the  top  of 
the  plank  floor  level  with  the  top  of  the  rails.  A  plank  floor 
not  less  than  2  inches  thick,  preferably  of  spruce  or  oak, 
shall  be  nailed  to  the  nailing  pieces. 

122.  For  bridges  in  country  districts  and  in  thinly  settled 
communities,  the  highway  portion  of  the  floor  shall  preferably 
consist  of  one  layer  of  white-oak  plank  not  less  than  3  inches 
in  thickness  laid  at  right  angles  to  the  trusses  or  girders,  and 
with  joints  about  i  inch  open.  Wooden  stringers  not  less 
than  3  in.  X  12  in.  or  steel  beams  with  wooden  nailing  pieces 
shall  be  used,  and  the  former  shall  be  spaced  not  over  2  feet 
6  inches  center  to  center.  In  general,  the  width  of  wooden 
stringers  shall  be  not  less  than  one-fourth  of  the  depth. 
The  plank  floor  shall  be  securely  spiked  to  the  stringers. 

123.  For  bridges  in  the  suburbs  of  cities,  in  well-settled 
town  districts,  and  in  some  cases  for  city  bridges  not  subject 
to  heavy  loads,  the  highway  portion  of  the  floor  shall  prefer- 
ably consist  of  two  layers  of  plank;  the  lower  layer  shall  be 
of  white  oak  not  less  than  3  inches  in  thickness,  and  shall  be 
laid  diagonally  with  joints  not  over  i  inch  open;  the  upper 
layer  shall  be  of  white  oak  or  spruce  2  inches  thick,  laid 
tight  at  right  angles  to  the  girders  or  trusses  and  securely 
spiked  to  the  lower  layer.  Wooden  stringers,  as  before,  may 
be  used,  but  steel  stringers  with  wooden  nailing  pieces  shall 
have  the  preference.  When  one  layer  of  floor  plank  is  used, 
the  distance,  in  feet,  between  the  centers  of  joists  or  nailing 
pieces  shall  not  be  greater  than  the  thickness  of  the  plank,  in 
inches.    When  more  than  one  layer  is  used,  the  clear  distance, 
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in  feet,  between  joists  or  nailing  pieces  shall  not  be  greater 
than  the  thickness  of  the  lower  layer,  in  inches. 

124.  Paved  Floors. — For  city  bridges  subject  to  heavy 
loads,  the  floor  shall  preferably  consist  of  prepared  wooden 
blocks,  asphalt,  brick,  or  granite  blocks.  Wooden  blocks 
shall  be  given  the  preference;  granite  blocks  shall  be  used 
only  in  the  immediate  vicinity  of  warehouses,  docks,  or 
freight  houses,  where  the  traffic  is  exceedingly  heavy  and 
continuous.  Paved  floors  shall  be  supported  on  buckled 
plates  securely  riveted  to  the  upper  flanges  of  stringers  and 
to  the  floorbeams.  Buckled  plates  shall  be  laid  with  the 
buckle  hanging  down,  and  shall  be  covered  with  cement  con- 
crete having  a  thickness  not  less  than  3  inches  under  the 
roadway  nor  less  than  2  inches  under  the  sidewalk.  Between 
the  concrete  and  the  paving  there  shall  be  spread  a  cushion 
coat  of  clean,  sharp  sand,  perfectly  free  from  moisture,  to 
an  even  thickness  of  1  inch.  Open  joints  between  blocks 
shall  be  filled  with  cement  grout  or  coal-tar  pitch. 

125.  Wheel-Guards. — In  bridges  with  wooden  floors,  a 
wheel-guard  of  timber  not  less  than  6  inches  wide  and  4  inches 
thick  shall  be  placed  longitudinally  on  the  floor.  The  upper 
edge  of  the  wheel-guard  shall  be  6  inches  from  the  surface  of 
the  floor.  The  edge  of  the  guard  toward  the  roadway  shall 
be  6  inches  from  the  clearance  line  of  the  trusses  or  girders. 
In  bridges  with  paved  floors,  a  metal  or  stone  wheel-guard 
shall  be  provided;  it  shall  be  6  inches  high  and  at  least 
6  inches  outside  of  the  clearance  line  of  the  trusses  or  girders. 

126.  Floor  Connections. — Stringers  shall  be  at  right 
angles  to  the  floorbeams,  and  shall  be  riveted  to  the  floor- 
beam  webs.  If  possible,  the  stringers  shall  also  rest  on 
shelf  angles  riveted  to  the  webs  of  the  floorbeams.  Floor- 
beams  shall  preferably  be  riveted  to  the  webs  of  the  girders 
in  half-through  girder  bridges,  and  to  the  vertical  posts  or 
web  connection  plates  in  through  truss  bridges;  in  deck  truss 
bridges,  the  floorbeams  shall  either  be  riveted  to  the  trusses, 
as  in  through  bridges,  or  rest  on  the  top  chords.  Where 
sidewalks  are  supported  outside  the  girders  or  trusses,  the 
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loorbeaxns  shall  be  extended  under  the  sidewalks,  or  side- 
walk brackets  shall  be  riveted  to  the  outsides  of  the  posts, 
md  their  top  flanges  connected  to  those  of  the  floorbeams. 
The  connection  angles  of  stringers  to  floorbeams  and 
of  floorbeams  to  girders  or  trusses  shall  be  not  less  than 
3  in.  X  3  in.  X  I'r  in.  The  fillers  under  connection  angles 
shall  be  twice  as  wide  as  the  adjacent  leg  of  the  angle,  and 
shall  have  two-thirds  as  many  rivets  through  the  project- 
ing portion  as  through  the  portion  under  the  angle. 

127.  Hand  Railinfir. — ^A  suitable  hand  railing  or  fence 
shall  be  placed  at  each  side  of  the  bridge.  The  railing  shall 
be  not  less  than  3  feet  6  inches  above  the  top  of  the  floor, 
and  have  not  more  than  6  inches  clearance  beneath  it. 
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128.  Stllfeneps. — Webs  shall  have  stiffeners  over  bear- 
ing points,  at  points  of  local  concentrated  loadings,  and  at 
intervals  not  greater  than  the  depth  of  the  girder  nor  more 
than  6  feet.  Near  the  ends,  the  spacing  of  stiffeners  shall 
be  one-third  to  one-half  the  depth.  Stiffeners  shall  be  com- 
posed of  two  angles,  one  on  each  side  of  the  web,  and  shall 
fit  tight  between  the  horizontal  legs  of  the  flange  angles. 
For  girders  having  flange  angles  with  outstanding  or  hori- 
zontal legs  5  inches  in  width,  stiffeners  shall  be  not  less  than 
3i  in.  X  3i  in.  X  iV  in.;  with  outstanding  legs  6  inches  in 
width,  not  less  than  4  in.  X  3i  in.  X  A  in.;  with  outstanding 
legs  8  inches  in  width,  not  less  than  5  in.  X  Si  in.  X  I  in. 
Rivets  in  stiffeners  shall  be  spaced  not  over  4i  inches  apart 
for  a  distance  of  18  inches  at  each  end,  and  not  over  6  inches 
apart  for  the  remaining  portion.  When  the  clear  vertical 
distance  between  flange  angles  is  less  than  fifty  times  the 
thickness  of  the  web,  stiffener  angles  may  be  omitted, 
except  over  bearings.  Stiffeners  over  bearings  shall  be 
designed  to  resist  the  reactions. 

129«  Web  Splices. — Web-plates  shall  be  spliced  by  one 
or  more  plates  on  each  side,  the  plates  on  each  side  to  have 
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a  section  equal  to  three-fourths  that  of  the  web,  and  a  pair  of 
stiffeners  placed  outside  the  plates.  There  shall  be  not 
less  than  two  rows  of  rivets  3i  inches  apart  on  each  side 
of  the  splice.  Rivets  in  splice  plates  shall  be  spaced  not 
over  Ss  inches  apart  for  a  distance  of  14  inches  at  top  and 
bottom,  and  not  over  5  inches  between.  Web  splices  shall 
be  designed  for  the  same  resistins^  moment  as  the  web. 

130.  Flange  Rivets. — The  pitch  of  rivets  connectins: 
the  flange  angles  to  the  web  at  any  point  shall  be  calculated 

by  means  of  the  formula  p  =  — — ^  (see  Art.  57).     When 

the  ties  of  street-railway  bridges  rest  on  the  top  flanges  of 
deck  girders,  the  pitch  of  the  rivets  in  the  top  flange  shall 
be  90  per  cent,  of  the  calculated  pitch.  The  rivets  con- 
necting flange  plates  to  flange  angles  shall  have  the  same 
spacing  as,  and  stagger  with,  those  connecting  the  flange 
angles  to  the  web.  The  spacing  of  rivets  in  plate- girder 
flanges  shall  in  no  case  exceed  6  inches. 

131.  Flanges. — Flanges  shall  be  designed  for  the  net 
section  of  the  bottom  flange,  and  the  gross  section  of  the  top 
flange.  One-eighth  of  the  web  shall  be  considered  as  part  of 
the  flange  section.  Girders  with  deep  webs  may  have  flanges 
composed  of  vertical  as  well  as  horizontal  flange  plates. 

132.  Flange  Angrles. — Flange  angles  shall  preferably 
be  of  large  sections;  in  general,  not  less  than  one-third  to 
one-half  the  flange  section  shall  be  composed  of  angles. 

133.  Flangre  Plates. — Flange  plates  shall  preferably 
have  a  thickness  not  greater  than  the  angles  nor  more  than 
i  inch.  When  two  or  more  plates  are  used,  they  shall  have 
the  same  thickness,  or  shall  diminish  in  thickness  outwards 
from  the  angles,  except  the  first  plate  of  the  top  flange,  which 
shall  extend  the  full  length  of  the  flange  and  may  be  thinner 
than  the  other  plates.  Other  plates  shall  extend  12  inches  at 
each  end  beyond  their  theoretical  ends.  Flange  plates  shall 
extend  beyond  the  outer  lines  of  rivets  not  more  than  4  inches 
nor  more  than  eight  times  the  thickness  of  the  thinnest  plate. 
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134.  WiSLUge  Splices. — Flange  members  of  s^irders  less 
than  70  feet  long:  shall  not  be  spliced.  For  c:irders  lonc^er 
than  70  feet,  each  flange  angle  shall  be  spliced  by  two  splice 
angles,  each  having  a  cross-section  75  per  cent,  of  that  of  the 
flange  angle,  and  with  sufficient  rivets  on  each  side  of  the 
splice  to  develop  fully  the  stress  in  the  splice  angle.  Flange 
plates  shall  preferably  be  spliced  without  additional  splice 
plates,  by  continuing  the  outer  plates  beyond  their  theoret- 
ical ends  a  sufficient  distance  to  splice  the  lower  plates.  When 
splice  plates  are  not  in  direct  contact  with  the  plates  they 
splice,  the  calculated  number  of  rivets  shall  be  increased 
20  per  cent,  for  each  intervening  plate.  Only  one  member 
shall  be  spliced  at  any  section. 
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135.  Chord  Members. — The  chords  and  end  posts  shall 
be  composed  of  channels,  or  of  vertical  plates  and  flange 
angles,  connected  by  cover-plates  at  the  top,  and  by  tie- 
plates  and  lattice  bars  at  the  bottom.  Gusset  plates  for  the 
connection  of  web  members  to  chords  shall  be  riveted  to 
the  inside  of  the  chords,  and  shall  be  designed  to  resist  the 
forces  to  which  they  are  subjected. 

136.  Web  Members. — Web  members  shall  intersect 
each  other  and  the  chords  on  lines  passing  through  their 
centers  of  gravity,  and  shall  be  thoroughly  riveted  to  each 
other  and  to  the  connection  plates  at  every  intersection. 
Web  members  shall  be  composed  of  symmetrical  sections, 
connected  by  web-plates  or  tie-plates  and  lattice  bars.  The 
clear  distance  between  gussets  shall  be  not  more  than  i  inch 
greater  than  the  width  of  the  web  members  that  connect 
to  them. 

137.  Connections  and  Splices. — Splices  of  chords 
shall  be  as  close  as  practicable  to  panel  points.  All  splices 
of  chords  and  connections  of  web  members  shall  have  enough 
rivets  to  develop  fully  the  strength  of  the  members.  If  a 
splice  occurs  at  a  joint,  that  part  of  the  gusset  in  contact  with 
the  chord  shall  be  counted  as  a  splice  plate. 
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138.  Tension  Members. — Tension  members  shall  be 
of  the  same  s:eneral  form  as  compression  members.  The 
use  of  flat  bars  alone  for  riveted  tension  members  will  not 
be  allowed.  

DETAILS    OF    PIN-CONMECTICD    TRUSSES 

139.  Chord  Members. — The  top  chord  and  end  posts 
shall  be  composed  of  channels,  or  of  vertical  plates  with 
flange  ang:les,  connected  by  cover-plates  at  the  top,  and  by 
tie-plates  and  lattice  bars  at  the  bottom,  or  by  tie-plates  and 
lattice  bars  at  both  top  and  bottom.  Splices  of  top  chords 
shall  be  as  close  as  practicable  to  panel  points,  and  shall  have 
enoug:h  rivets  to  develop  fully  the  stresses  in  the  members. 
The  bottom  chord  shall  be  composed  of  eyebars;  the  inside 
bars  in  the  two  end  panels  shall  be  connected  to  each  other 
by  diaphrac^ms  or  by  lattice  bats.  The  eyebars  shall  be 
packed  on  the  pins  as  narrow  as  possible;  those  in  any  panel 
shall  not  be  in  contact,  and  shall  not  diverge  from  the  center 
line  by  more  than  tV  inch  per  foot. 

140.  Web  Members. — Web  members  shall  intersect 
each  other  and  the  chords  on  lines  passing  through  their 
centers  of  gravity,  and  pins  shall  be  located  at  the  inter- 
sections of  these  lines.  Compression  web  members  shall  be 
composed  of  symmetrical  sections,  connected  by  web-plates 
or  by  tie-plates  and  lattice  bars.  Tension  web  members, 
except  hip  verticals  and  subverticals,  shall  be  composed  of 
eyebars.  Hip  verticals  and  subverticals  shall  be  of  the  same 
general  form  as  compression  members. 

141.  Counters. — Counters  shall  be  adjustable  eyebars 
with  screw  ends  and  open  tumbuckles.  The  area  at  the  root 
of  an  upset  screw  end  shall  in  no  case  be  less  than  10  per 
cent,  greater  than  the  cross-sectional  area  of  the  body  of 
the  bar.  No  counter  shall  have  a  sectional  area  of  less 
than  2  square  inches. 

142.  Pins. — Pins  shall  be  not  less  than  2i  inches  in 
diameter,  and  shall  project  i  inch  at  each  end  beyond  the 
outside  surfaces  of  the  members. 
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143.  Riveted  Tension  Members. — Riveted  tension 
members  shall  have  a  net  section  back  of  the  pinholes  equal 
to  that  of  the  member,  and  throus:h  the  pinholes  25  per  cent, 
greater. 

144,  Pin  Plates. — Where  necessary  for  section  or 
bearing^,  members  shall  be  reinforced  at  pinholes  by  pin- 
plates.  Each  plate  shall  contain  sufficient  rivets  to  transmit 
its  proportion  of  the  bearing  pressure  to  the  members;  one 
plate  on  each  side  shall  extend  at  least  6  inches  beyond  the 
end  of  the  tie-plate.  The  cross-section  of  a  compression 
member  through  the  pinhole  shall  be  equal  to  that  of  the 
member.  

DETAILS  OF  STEEL.  TBE8TL.E8 

146*  ToTver  and  Main  Spans. — Steel  trestles  shall 
consist  of  riveted  spans  on  trestle  bents,  braced  in  pairs  to 
form  towers.  Tower  spans  shall  be  not  less  than  30  feet 
long,  and  shall  be  riveted  to  the  tops  of  the  trestle  bents. 
Main  spans  shall  be  riveted  to  the  tops  of  the  trestle  bents  at 
one  end,  and  bolted  to  them  at  the  other  through  expansion 
holes.  Girders  and  trusses  may  be  connected  to  the  tops  of 
the  columns  or  to  cross-girders  that  are  connected  to  the  tops 
of  the  columns. 

146.  Trestle  Bents. — The  batter  of  columns  in  trestle 
bents  shall  be  not  less  than  1  horizontal  to  8  vertical.  In 
trestles  for  single-track  railway  only,  bents  shall  be  not  less 
than  8  feet  wide  on  top,  and  if  the  width  is  less  than  10  feet, 
the  batter  of  the  columns  shall  be  not  less  than  1  horizontal 
to  6  vertical.  On  curves,  towers  shall  be  placed  so  that  the 
center  lines  of  the  bents  are  at  right  angles  to  the  chord  of 
the  curve  between  the  bents. 

147.  ToTveps. — Towers  shall  be  divided  into  stories 
not  more  than  30  feet  in  height,  by  horizontal  struts  and 
diagonal  bracing  between  the  columns. 

148.  Negative  (DownTvard)  Reactions. — In  esti- 
mating negative  (downward)  reactions  at  the  feet  of  the 
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columns,  wind  pressure  shall  be  assumed  to  have  an  intensity 
of  50  pounds  per  square  foot,  acting  on  an  area  equal  to 
twice  the  exposed  area  of  the  unloaded  trestle. 


DETAILS    OF    BEABIKGS 

149.  Bedplates. — The  ends  of  all  spans,  and  the 
bottoms  of  columns  of  trestle  bents,  shall  rest  on  bedplates 
or  pedestals,  and  shall  be  held  in  place  by  anchor  bolts. 
Bedplates  for  g:irders  and  string:ers  shall  be  not  less  than 
i  inch  in  thickness;  and  for  trusses  and  columns,  not  less 
than  1  inch.  Holes  for  anchor  bolts  may  be  i  inch  larger  in 
diameter  than  the  bolts. 

150.  Anchor  Bolts. — Anchor  bolts  shall  be  not  less 
than  1  inch  in  diameter;  they  shall  be  set  in  holes  drilled  in 
the  masonry,  and  the  holes  shall  be  filled  with  cement  grout 
Anchor  bolts  for  columns  having  negative  reactions  shall  be 
designed  to  resist  the  reaction,  and  shall  be  built  in  a  mass 
of  masonry  the  weight  of  which  is  not  less  than  twice  the 
estimated  reaction.  Anchor  bolts  in  expansion  ends  shall  be 
so  placed  that  the  ends  can  move  freely  in  the  direction  of 
expansion  and  in  no  other  direction. 

151.  Pedestals. — Spans  over  75  feet  in  length  shall 
have  pin  bearings  and  pedestals  at  both  ends.  Pedestals 
shall  preferably  be  built  up  of  base  plates  and  web-plates, 
not  less  than  i  inch  in  thickness.  The  webs  shall  be  secured 
to  the  base  plates  by  angles  not  less  than  5  in.  X  3i  in.  X  i  in., 
with  the  5-inch  leg  vertical,  and  the  webs  shall  be  connected 
to  each  other.  Pedestals  shall  be  of  sufficient  height  to  dis- 
tribute the  load  over  the  bearings. 

152.  Ends  of  Columns. — Cap  and  base  plates  shall  be 
connected  to  the  tops  and  bottoms,  respectively,  of  all  trestle 
columns  by  means  of  horizontal  angles  not  less  than 
5  in.  X  Si  in.  X  i  in.,  with  the  5-inch  leg  vertical  or  parallel 
to  the  batter  of  the  column. 

153.  Rollers. — Spans  over  75  feet  in  length  shall  have 
rollers  at  one  end.     Rollers  shall  be  not  less  than  3  inches 
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in  diameter,  and  shall  be  turned  down  to  a  groove  i  inch 
deep.to  fit  zniding  strips  of  this  thickness  on  the  bearing: 
plates  above  and  below  the  rollers.  Special  attention  shall 
be  given  to  roller  bearings,  so  that  they  will  not  hold  water 
and  so  that  they  can  be  readily  cleaned. 


DETAILS    OF    BRACING 

154.  All  spans  shall  be  independently  braced;  no  bra- 
cing shall  be  used  in  common  for  any  two  adjacent  spans. 

155.  Style  of  Members. — Members  of  bracing  shall 
be  composed  of  simple  rolled  sections  or  built-up  members. 
No  member  shall  be  less  than  2i  in.  X  2i  in.  X  A  in.,  and 
no  connection  shall  have  less  than  three  rivets. 

156.  Ijateral  Bracing. — Top  and  bottom  lateral  bra- 
cing shall  be  provided  in  all  deck  and  through  bridges,  except 
deck  plate  girders  less  than  5  feet  deep,  where  the  bottom 
bracing  may  be  omitted.  Bottom  lateral  bracing  shall  be 
provided  in  half-through  bridges.  Lateral  bracing  shall  be 
riveted  to  the  stringers  of  the  floor  system  wherever  they 
come  in  contact  with  them.  Deck  girders  shall  have  the  top 
lateral  bracing  so  arranged  that  the  length  of  flange  between 
lateral  connections  will  not  exceed  twenty  times  the  width  of 
flange. 

157.  TransTerse  Bradngr* — Deck  girder  bridges  shall 
have  transverse  frames  of  the  same  depth  as  the  girders 
riveted  to  the  stiffeners  near  the  ends  and  at  other  points  at 
distances  apart  not  greater  than  20  feet.  Deck  truss  bridges 
shall  have  at  every  panel  point  sway-bracing  of  the  same 
depth  as  the  trusses. 

158.  Knee  Braclnsr* — Half-through  bridges  shall  have 
brackets  or  knee  braces  riveted  to  the  floorbeams  and  to  the 
webs  of  the  girders.  The  brackets  shall  fit  tight  under  the 
flange  angles  of  the  girders,  and  extend  out  to  within  3  inches 
of  the  edge  of  the  wheel-guard. 

159.  Portal  Braclngr* — Through  bridges  shall  have 
portals  and  portal  brackets,  and  intermediate  brackets  at 
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each  transverse  strut  of  the  upper  lateral  bracing.  Portals 
shall  be  as  deep  as  the  specified  headroom  will  allow.  Where 
the  headroom  above  the  floor  is  20  feet  or  more,  sway  frames 
shall  be  provided  at  every  panel  point  of  the  top  chord.  They 
shall  be  as  deep  as  the  required  headroom  will  allow. 


SPECIFICATIONS    FOB   THE    CONSTRUC- 
TION   OF    STEEL    BRIDGES 


MATEBIAIiS 


CHEMlCAIi   ANB    PHTSICAIi    PBOPBBTni 

160.  Kind  of  Material. — ^The  materials  used  in  the 
construction  of  bridges  shall  c^enerally  be  rolled  steel,  steel 
casting:s,  and  wrought  iron.  In  case  other  materials  are 
required,  additional  specifications  will  be  furnished  relating 
to  them. 

161.  Grades  of  Bteel. — Steel  shall  be  made  only  by 
the  open-hearth  process.  Rolled  steel  shall  be  of  two 
grades;  namely,  rtvei  steel  and  structural  steel.  Rivet  steel 
shall  be  used  for  rivets;  structural  steel  shall  be  used  for  all 
other  purposes,  unless  steel  castings  or  wrought  iron  are 
especially  called  for. 

162.  Rivet  Bteel. — Rivet  steel  shall  contain  not  more 
than  .04  per  cent,  of  phosphorus,  nor  more  than  .04  per  cent, 
of  sulphur.  It  shall  have  an  ultimate  tensile  strength  of  not 
less  than  46,000,  nor  more  than  54,000,  pounds  per  square 
inch,  an  elastic  limit  of  not  less  than  60  per  cent,  of  the  ulti- 
mate strength,  an  elongation  of  not  less  than  28  per  cent., 
including  the  break,  and  a  reduction  of  area  of  not  less  than 
55  per  cent.  Rivet  rods  shall  bend  double,  cold,  one  side 
flat  on  the  other,  without  cracking  of  the  outer  fibers. 

163.  Structural  Steel. — Structural  steel  3hall  contain 
not  more  than  .08  per  cent,  of  phosphorus  fdr  acid  steel, 
nor  more  than  .04  for  basic  steel,  and  not  more  than  .04  per 
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ceuU  of  sulphur  for  elthejr  kind  of  steel.  It  shaU  have  an 
ultimate  tensile  streii£th  of  not  less  than  56,000»  nor  more 
tb&Q  64,000,  pounds  per  square  inch,  an  elastic  limit  of  not 
less  than  60  per  cent,  of  the  ultimate  strength,  an  elongation 
lot  not  less  than  28  per  cent.,  and  a  reduction  of  area  at 
fracttire  of  not  less  than  50  per  cent*  The  fracture  shall 
appear  fine-grained,  silky,  and  bluish  gray^  and  shall  be 
entirely  free  from  hard  and  granular  spots* 

Test  pieces  shall  bend  double,  cold,  until  the  surfaces 
tooch  each  other,  without  cracking  of  the  outer  fibers. 
They  shall  stand  punching  and  cold  reaming  to  li  times 
the  diameter  of  the  punched  hole  without  cracking  the  edges 
of  the  hole.  Angles  of  all  thicknesses  shall,  while  cold, 
opeu  flat,  and  if  under  t  inch  thick  shall  bend  close  shut 
wttbout  showing  signs  of  fracture. 

164,  Steel  Castings. — Steel  castings  shall  contain  not 
more  than  .08  per  cent,  of  phosphorus  for  acid  steel,  nor 
more  than  .05  per  cent,  for  basic  steel,  nor  more  than  ,05  per 
cent,  of  sulphur  for  either  kind  of  steel.  They  shall  have  an 
ultimate  tensile  strength  of  not  less  than  60,0tX)  pounds  per 
square  inch,  an  elastic  limit  of  not  less  than  60  per  cent,  of 

L  the  ultimate  strength,  an  elongation  of  not  less  than  18  per 
r  cent.,  and  a  reduction  of  area  at  fracture  of  not  less  than 
25  per  cent.  Steel  castings  shall  he  fine-grained,  homoge- 
neous, and  free  from  blowholes  and  other  defects,  A  test 
piece  1  in.  X  i  in*  shall  bend  cold  through  an  angle  of  90^ 
around  a  rod  whose  diameter  is  li  inches,  without  showing 
signs  of  fracture. 

165.  Wrought  Iron, — Wrought  iron  shall  be,  as  nearly 
as  practicable,  the  best  grade  of  pure  iron.  It  shall  be 
double-rolled.  fibrous,  tough,  uniform  in  character*  and 
thoroughly  welded  in  rolling.  It  shall  be  entirely  free  from 
surlace  defects.  It  shall  have  an  ultimate  tensile  strength 
of  not  less  than  50,000  pounds  per  square  inch,  an  elastic 
limit  of  not  less  than  60  per  cent,  of  the  ultimate  strength, 
8X1  elongation,  including  the  break,  of  not  less  than  IS  per 
cent.,  and  a  reduction  of  area  at  fracture  of  not  less  than 
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25  per  cent.  Test  pieces  shall  bend,  when  cold,  throuc^h  an 
ans:le  of  180^  around  a  rod  whose  diameter  is  twice  the  thick- 
ness of  the  test  piece,  without  showing:  signs  of  fracture. 


mhiL  tests 

166.  Reports   of  Tests   and  Melt  Numbers. — The 

Contractor  shall  furnish  the  Engineer,  free  of  charge,  a  report 
showing  the  physical  and  chemical  properties  of  every  melt 
that  goes  into  the  material  of  the  bridge.  The  chemical 
analysis  shall  show  the  amount  of  carbon,  phosphorus,  sul- 
phur, and  manganese  contained  in  each  melt.  The  melt 
numbers  shall  be  clearly  stamped  on  all  finished  material, 
and  omission  to  do  so,  or  changes,  or  confusion  of  the  melt 
numbers  may  be  cause  for  rejection. 

167.  Test  Pieces. — Two  test  pieces  shall  be  cut  from 
the  finished  material  of  every  melt.     Test  pieces  of  rivet 

steel  shall  be  round 
rods  having  the  same 
diameter  as  the 
rivets.  Test  pieces 
of  structural  steel  for 
pins  and  rollers  shall 
be  round  rods  turned 
to  the  form  and  size  shown  in  Fig.  8.  The  elongation  shall 
be  measured  in  a  length  of  2  inches,  and  include  the  break. 
Test  pieces  of  structural  steel  for  other  purix>ses,  and  of 
wrought  iron,  shall  be  flat  bars  of  the  same  thickness  as  the 
material  from  which  the  test  pieces  are  cut,  and  shall  have 


Pio.  8 


Pio.  9 

the  form  and  size  shown  in  Fig.  9.    The  elongation  shall  be 
measured  in  a  length  of  8  inches,  including  the  break. 

Test  pieces  of  steel  castings  shall  be  cast  with  one  or 
more  castings,  and  shall  be  cut  from  them  when  tfaey  are 
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cold;  they  shall  be  turned  to  the  form  and  size  shown  in 
Fig.  8,  and  the  elongation  shall  be  measured  in  a  length 
of  2  inches,  including  the  break. 

168.  Annealed  Material. — Two  test  pieces  shall  be 
cut  from  material  that  is  to  be  annealed,  one  before  and  the 
other  after  annealing. 

169.  Varying  Sections. — Test  pieces  shall  be  cut 
from  the  thickest  and  from  the  thinnest  materials  when 
sections  differing  by  f  inch  or  more  are  rolled  from  the  same 
melt,  and  from  each  section  when  widely  different  sections, 
such  as  angles  and  I  beams,  are  rolled  from  the  same  melt. 

170.  Ijabor  and  Tools. — The  Contractor  shall  furnish 
the  Engineer,  free  of  charge,  proper  test  pieces,  machines, 
tools,  and  labor  necessary  to  make  the  required  tests. 

171.  Rejection  of  Materials. — If  material  does  not 
possess  the  specified  properties,  the  entire  melt  from  which 
the  material  was  taken  shall  be  rejected,  imless  by  additional 
tests  it  can  be  proved  that  the  defects  are  confined  to  only  a 
part  of  the  melt.  All  material  that,  subsequently  to  its 
acceptance  at  the  mills,  shows  that  it  is  not  of  the  desired 
quality  shall  be  rejected  and  shall  be  replaced  with  satis- 
factory material.  Rusty  material  shall  be  rejected,  unless 
it  is  thoroughly  freed  from  rust  before  being  used. 


FUL1>8IZE    TESTS 

172.  Ful^sized  members  shall  be  tested  to  destruction 
if  so  directed  by  the  Engineer.  The  material  in  such 
members  shall  be  paid  for  by  the  Engineer  at  the  contract 
price  per  pound,  if  it  complies  with  the  requirements;  other- 
wise, it  will  be  rejected  at  the  Contractor's  expense,  and  all 
similar  members  may  be  rejected  unless  it  can  be  shown, 
by  additional  tests,  that  the  failure  is  due  to  defects  that  are 
confined  to  one  or  a  very  few  members. 

173.  Byebar  Tests. — In  general,  one  full-size  test  shall 
be   made   from   every  twenty-five  eyebars.      After   being 
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properly  annealed,  eyebars  shall  have  an  ultimate  tensile 
strength  of  not  less  than  55,000  pounds  per  square  inch,  an 
elastic  limit  of  not  less  than  50  per  cent,  of  the  ultimate 
strength,  and  an  elongation  of  not  less  than  15  per  cent,  in 
10  feet,  including  the  break.  If  a  bar  breaks  in  the  head,  but 
develops  the  required  ultimate  strength  and  elongation,  it 
shall  not  on  that  account  be  rejected,  unless  more  than  one- 
third  of  the  number  of  bars  tested  break  in  the  head. 


WORKMANSHIP 


GENERAL.    REQUIREMENTS 

174.  FlnlBhed  Material. — Workmanship  and  finish 
shall  be  first-class  and  in  accordance  with  the  best  practice. 
Material  shall  get  a  thorough  rolling  at  the  proper  tem- 
perature; large  sections  shall  be  rolled  from  large-sized 
billets;  pins  shall  be  forged  in  the  most  approved  manner. 
Finished  material  shall  be  entirely  free  from  surface  defects, 
shall  have  good  finish,  and  be  well  straightened  in  the  mill 
before  shipment. 

175.  Variation  in  Dimensions. — Material  shall  be 
rolled  as  near  as  practicable  to  the  weight  and  thickness 
specified;  no  variation  will  be  allowed  greater  than  2i  per 
cent,  above  nor  H  per  cent,  below  the  computed  weights, 
except  in  wide-sheared  plates,  for  which  slightly  greater 
variation  will  be  allowed,  according  to  the  practice  in  the 
best  rolling  mills. 

176.  Annealing:. — All  parts  that  have  been  heated  dur- 
ing manufacture  shall  be  carefully  annealed  and  thoroughly 
cooled  before  they  are  prepared  for  connections. 

177.  Weldingr. — Welds  in  steel  will  not  be  allowed 
under  any  circumstances.  Welds  in  wrought  iron  will  be 
permitted  when  specified. 

178.  Reentrant  Angrles. — No  sharp  reentrant  angles 
will  be  allowed  in  any  piece  of  metal;  the  corners  shall  always 
be  drilled  out  before  the  sides  are  cut. 


^ 


BRIDGE  SPECIFICATIONS 


47 


} 


I 


I 


179.  Rivet  Holes. — Rivet  hales  in  members  of  tongitti- 
fiinal  and  lateral  bracmg,  stiffeners,  and  unimportant  details 
may  be  puached  not  more  than  A  inch  larger  than  the 
nommal  diameter  of  the  rivets*  Rivet  holes  in  flan^esi  the 
edges  of  web'plales  where  flanges  are  attached^  floor  connec* 
tioQS,  and  all  riveted  members  of  trusses  and  their  connections 
shall  be  punched  A  inch  smaller,  and  reamed  to  not  more 
than  iV  inch  larger  than  the  nominal  diameter  of  the  rivetSi  if 
the  material  is  ii  inch  thick  or  less.  Reaming  shall  prefer- 
ably be  done  after  the  parts  are  assembled.  Rivet  holes  in 
material  I  inch  thick  and  over,  and  in  Sanges  of  I  beams  and 
channels,  shall  be  drilled  from  the  solid  metal. 

180.  Punching. — Rivet  holes  shall  be  spaced  and 
ptmched  so  accurately  that,  when  parts  are  brought  together! 
the  corresponding  holes  will  match.  Slight  inaccuracies  may 
be  corrected  by  reamers.  Drifting  to  make  holes  large  enough 
for  the  rivets  will  not  be  allowed  in  the  shop  or  in  the  field. 

181.  Reamlni?  and  Drilling, — When  parts  are  assem- 
bled for  reaming,  at  least  one- third  of  the  holes  shall  be  filled 
with  bolts.  If  necessary  to  take  them  apart  for  shipment, 
they  shall  be  match-marked,  and  a  diagram  of  the  marks 
shall  be  furnished  the  erector  to  insure  the  same  position 
of  each  part  in  the  finished  bridge  as  in  the  shop.  Parts 
assembled  for  drilling  shall  be  taken  apart,  and  any  shavings 
between  them  removed  before  riveting.  Burrs  on  reamed 
and  drilled  work  shall  be  removed. 

182.  Field  Connections.^ — All  field  connections,  except 
for  members  of  bracing,  shall  be  fitted  in  the  shop.  The 
rivet  holes  shall  be  reamed  to  fit  while  the  members  are 
bolted  together  in  their  correct  positions,  or  by  means  of 
metal  templets  not  less  than  li  inches  thick,  carefully 
clamped  to  the  members  in  the  correct  position. 

183.  Hlvet8i — ^The  sizes  of  rivets  shown  on  the  plana 
shall  be  taken  to  mean  the  diameters  of  the  cold  rivets 
before  driving.  When  heated  and  ready  for  driving,  the  sur- 
faces ol  ail  rivets  shall  be  perfectly  clean;  when  driven,  they 
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shall  completely  fill  the  holes  and  be  perfectly  tisrht.  Loose 
and  badly  driven  rivets  shall  be  cut  out  and  replaced  with 
ti^ht  well-driven  nvets.  Rivet  heads  shall  be  round  and  of 
uniform  size  for  the  same*sized  rivets  all  throus^h  the  work; 
they  shall  be  full  and  neatly  made,  concentric  with  the 
shank»  and  in  full  contact  with  the  surface. 

184.  RiTetlncr. — Wherever  possible,  rivets  shall  be 
driven  by  machine  or  power  riveters.  Power  riveters  shall 
b«  capable  of  maintaining  the  applied  pressure  after  driving:. 
Fielvi  riv^tin^  shall  preferably  be  done  by  pneumatic  riveting: 
hjimmers.  Before  any  rivets  are  driven,  at  least  one-third 
the  ho>$  :$hjLlI  be  nlled  with  bolts  of  the  same  size  as  the 
rivec;k  xnd  they  shjul  be  carefuHT  tichtenedl 

ISS%  l^i>lt^ — Bolts  shaH  not  be  ised  in  place  of  rivets, 
exce^^  by  $peci&I  ?ersbssioa.  When  bolts  are  used,  the  holes 
$fibiju;  ^  exactly  a:  rt^^c  32x;i:!es  to  dK  suiCai.es  of  the  con- 
tte%:t^  p«rt^  aasd  tiboe  S?its  shall  be  tBcned  to  a  driving:  fit 

l;^     KtTY^^a  MeiW« After  beinc  riveted,  mem- 

Ver»  $^*ill  ^  ^scrjL'^lc  jasi  ccrrect  3i  daocnsaoas.  Great  care 
^jiT:  Nr  Mfett  :Jfai:  A?  ^-irut^  scrfiaces  of  girders  and  the 
t«c^^  hV  'fui:t^  j;;t^^«»  cc  {xosts  aflii  titeted  truss  members 
ant  ^<r-Mcc>  $c-x^:^ 

\:^7^  V^^amac«r$ — V^;^>^l3Cfis  s2bLl  be  straieht  and 
tv*<  J^v.Jt^c^  ^*vm£  ^itt  iftMs  ^rt  :^  Ao^  ac^^es:  they  shall 
V  tvv  ttv^-^  3Jatt  c  ^trc'i  >5--c*r  As  ^ases  ec  tie  angles  at  any 
>MK      :s^^*c;r$  ^  ir^sC^^KQes  sShtH  ^  act  aaoce  dtan  i  indi 

l:^  ^r^iw»««r  )i«<ttd«n». — VVbr  &sse  aaesnbers  of 
S>ivv  c»*-x*^  «^  sy^^csc.  :tt  jdder  dte  sap  cr  tie  bottom 
^*U5^-  'V  ^^rvi^  ^«>u«I  ^  ^umK  esKSiy  Mtfi^tLe,  a^d.  after 
•«v^*i>)^    tv  :^»\x:^  ^w^  ^iTJiI  >e  3K  jcnses  lOoacKt  cfaroosh- 

t^^  :!^rTn^ttv<r$^ — ;^^rifit>Mr»  ftel  &  ZQC^  between  the 
Vn<vn-\:v  cc^  .^«.  ^KT;^  «i)£*^fe!S  :te  iiaiH  ii£  xDers  under 
>^*ci^«v'^>^   »-\.   ^-^   v:^^  ^nN:^  3»M»  Aidl  ^  aoc  sscce  than 
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190.  Suds  of  Floor  Members. — The  ends  of  floor- 
beams  and  strinc^ers  shall  be  planed  perfectly  smooth  and 
straight;  after  planing,  the  members  shall  have  the  length 
shown  on  the  plans.  Not  more  than  tV  inch  shall  be  planed 
o£E  the  faces  of  the  connection  angles.  Ends  of  solid  floor 
sections  shall  be  perfectly  straight  and  smooth;  if  necessary, 
they  shall  be  planed  to  secure  this  result. 

191.  £nd8  of  Riveted  Members. — ^Where  riveted 
members,  either  tension  or  compression,  are  spliced,  the 
ends  shall  be  planed  smooth  exactly  at  right  angles  to  the 
axis  of  the  member;  and,  after  riveting,  the  spliced  ends 
shall  be  in  perfect  contact  throughout  the  entire  section  of 
the  spliced  member.  The  ends  of  columns  of  viaducts  shall 
be  planed  smooth  before  the  cap  and  base  plates  are  riveted 
on,  and  so  that  the  entire  section  of  the  column,  as  well  as 
the  faces  of  the  horizontal  angles  riveted  to  the  ends,  shall 
have  a  full  and  even  bearing  on  the  cap  and  base  plates. 

192.  Ends  of  Girders. — ^The  ends  of  all  girders  shall 
be  neatly  finished;  web-plates,  flange  angles,  and  flange  plates 
shall  be  finished  flush  with  each  other. 

193.  Eyebars. — Eyebars  shall  be  of  uniform  thickness 
throughout,  perfectly  straight,  and  free  from  welds.  The 
heads  shall  be  full,  smooth,  and  sound,  and  accurately 
centered  with  the  bars;  they  shall  be  formed  by  upsetting 
in  the  most  approved  manner.  After  the  heads  are  formed, 
eyebars  shall  be  carefully  annealed  and  thoroughly  cooled 
before  further  handling. 

194.  Pinholes.  -Pinholes  shall  be  bored  exactly  at 
right  angles  to  the  axis  of  the  member,  not  more  than 
tV  inch  larger  in  diameter  than  the  pins  up  to  5  inches 
diameter,  nor  more  than  iV  inch  larger  for  diameters  greater 
than  5  inches,  and  not  more  than  tjV  inch  greater  or  less  than 
the  calculated  distance  center  to  center  as  shown  on  the 
drawings.  The  centers  of  pinholes  in  riveted  members  shall 
generally  lie  on  a  line  passing  through  the  center  of  gravity 
of  the  memher,  unless  shown  elsewhere  on  the  drawings. 
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The  centers  of  pinholes  in  eyebars  shall  be  on  the  center 
line.  Bars  that  are  to  be  placed  side  by  side  in  a  bridge 
shall  be  bored  so  accurately  that,  if  stacked  up  one  above 
the  other,  a  pin  of  the  required  size  can  be  passed  simul- 
taneously through  all  the  holes  at  either  end  without  much 
forcmg. 

196.  Pins. — Pins  shall  be  forged  and  carefully  turned 
cylindrical,  smooth,  and  true  to  size,  and  long  enough  to  give 
all  members  a  full  bearing.  They  shall  be  driven  with  pilot 
nuts  and  caps;  at  least  one  driving  cap  and  pilot  nut  for  each 
size  of  pin  shall  be  furnished  by  the  Contractor.  Threads  on 
ends  of  pins  shall  project  i  inch  beyond  the  surfaces  of  the 
nuts  when  they  are  screwed  on. 

196.  Pin  Nuts. — Pin  nuts  shall  be  made  so  as  to 
enclose  the  projecting  ends  of  pins  and  come  to  a  full 
bearing  against  the  members. 

197.  Rollers. — Rollers  shall  be  forged  and  carefully 
turned  cylindrical,  smooth,  and  true  to  size. 

198.  Bearlngrs. — Sole  plates  and  bedplates  shall  be 
planed  smooth  and  straight.  The  sliding  surfaces  at  expan- 
sion ends  shall  be  planed  in  the  direction  of  expansion.  The 
bottoms  of  webs  and  connection  angles  of  pedestals  shall  be 
planed  before  the  base  plates  are  riveted  on. 

199.  Steel  Castingrs. — Steel  castings  shall  be  planed 
where  noted  on  drawings  and  wherever  else  it  is  necessary 
to  insure  good  workmanship  and  even  bearing.  Cored  holes 
shall  be  not  more  than  i  inch  greater  or  less  than  the  required 
sizes,  nor  more  than  i  inch  from  the  position  shown  on  the 
drawings.  Steel  castings  shall  be  true  to  the  required 
dimensions  after  annealing. 

200.  Shipment. — All  pins,  rivets,  and  other  small  parts 
shall  be  boxed,  and  the  screw  threads  wrapped  with  twine, 
before  shipment.  An  excess  of  field  rivets  equal  to  20  per 
cent,  of  the  required  number  for  each  size  and  length  shall  be 
shipped  for  each  bridge.  All  members  shall  be  handled  and 
loaded  on  cars  in  such  a  way  as  to  avoid  injury;  any  piece 
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showine  tbe  effects  of  rou^h  handling  may  be  rejected.  The 
weight  and  erection  mark  shall  be  plainly  marked  on  each 
part,  and  the  weight  and  contents  on  each  box. 


r. 


I 


PAINTING 

201*  General. — As  soon  as  material  is  finished  and 
accepted,  it  shall  be  thoroughly  cleared  of  rust»  dirt,  scale, 
and  other  surface  deposits,  and  carefully  painted  in  accord- 
ance with  the  foliowing  specifications.  No  painting  shall 
be  doiie  UDlil  material  is  accepted. 

202*  Surfaces  In  Con  tact.  ^^ — Surfaces  that  will  be  in 
contact  with  others  shall  be  given  one  coat  of  red  lead  and 
linseed  oil  before  assembling, 

203.  Inaccessible  Parts. — All  parts  not  accessible 
for  painting  after  erection  shall  be  given  one  heavy  coat  of 
approved  paint  at  the  shop  as  soon  as  finished  and  accepted, 

and  one  coat  at  the  bridge  site  before  erection. 

204.  Machined  Sarfaces* — All  machined  surfaces,  such 
as  screw  threads,  pins,  and  bearing  surfaces  shall  be  coated 
with  a  miJEture  of  white  lead  and  tallow  as  soon  as  finished 
and  before  leaving  the  shop* 

205.  Finished  Members. — Finished  members  shall  be 
given  one  heavy  coat  of  approved  paint  before  leaving  the 
shop.  In  general,  paint  shall  be  allowed  to  dry  48  hours 
before  loading  material  for  shipment* 

206.  Painting  After  Erection,^ After  erection^  the 
ge  shall  be  given  two  heavy  coats  of  approved  paint.     At 

48  hours  must  elapse  between  the  applications  of  the 
two  snccesstve  coats  to  any  part  of  the  bridge. 

207*  Weather  Conditions. — Painting  shall  be  done 
only  when  the  surface  of  the  metal  is  perfectly  dry.  Field 
paidting  shall  not  be  done  in  wet  or  freezing  weather.  Shop 
painting  may  be  done  in  such  weather,  If,  after  painting,  the 
material  is  allowed  to  remain  at  least  48  hours  in  a  covered 
building  whose  inside  temperature  is  not  below  freea&ing* 
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208.  Quality. — The  quality  of  paint  and  class  of  labor 
for  painting  shall  be  the  best  obtainable;  special  attention 
shall  be  given  to  this  part  of  the  work. 


ERECTIOK 

209.  Commencement  of  Work. — The  Contractor  shall 
notify  the  Engineer  when  he  is  ready  to  commence  work,  and 
the  erection  shall  not  begin  until  authority  has  been  received 
in  writing  from  the  Engineer. 

210.  Care  of  Material. — Before  and  during  erection, 
all  material  shall  be  kept  clean  and  so  stored  and  handled  as 
to  avoid  injury, 

211.  Old  Stractures. — If  the  new  bridge  is  to  take 
the  place  of  an  old  bridge  on  the  same  site,  the  Contractor 
shall  take  down  the  old  bridge;  if  required,  he  shall  take  it 
down  without  loss  or  injury  to  any  part,  and  shall  mark  all 
parts  for  reerection.  A  diagram  showing  these  marks  shall 
be  furnished  to  the  Engineer. 

212.  Method  of  Erection. — If  it  is  necessary  to  place 
any  restrictions  on  the  method  of  erection,  the  Engineer  shall 
state  them  in  the  letter  of  invitation  to  bid;  he  shall  also 
state  the  desired  disposal  of  the  old  bridge. 

213.  liines  and  Grades. — The  Contractor  will  be 
expected  to  preserve  with  care  all  stakes  set  by  the  Engineer. 

214.  Field  Riveting  in  Splices. — Field  rivets  in 
splices  of  compression  members  shall  not  be  driven  until  the 
members  are  subjected  to  dead-load  stress.  The  splices  shall 
be  well  bolted  prior  to  this,  to  hold  the  members  firmly  in  line. 

215.  Bridgre  Seats. — Bridge  seats  shall  be  dressed 
by  the  Contractor.  If  they  are  out  of  level,  he  shall  place  the 
bedplates  or  pedestals  level  and  at  the  correct  elevation;  if 
necessary,  he  shall  fill  in  under  them  with  cement  grout  well 
rammed  into  all  open  spaces  under  the  bedplates  or  pedestals. 
The  grout  shall  be  allowed  to  set  at  least  24  hours  before  any 
load  is  placed  on  the  bedplate  or  pedestal. 
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216.  Ijai^s  and  Ordinances. — The  Contractor  shall 
comply  with  all  laws  and  ordinances  applying  to  and  gov- 
erning the  work  of  erection,  and  shall  obtain  all  necessary 
permits  and  comply  with  their  requirements.  He  shall  take 
precautions  to  guard  against  accidents  and  injury  to  persons 
and  property,  and  shall  be  responsible  for  all  losses  due  to 
floods,  storms,  and  other  casualties.  He  shall  so  conduct 
his  work  as  not  to  interfere  with  the  work  of  other  Contractors, 
nor  with  the  traffic  on  railroads,  highways,  or  waterways, 
unless  he  procures  written  permission  to  do  otherwise. 

217.  Extra  Work. — If  the  Engineer  erects  the  bridge 
and  extra  work  is  found  to  be  necessary  owing  to  defective 
shop  work  or  careless  handling,  the  Contractor  shall  bear  the 
cost  of  it;  this  cost  shall  be  deducted  from  the  amount  due  him. 

218.  Employment  of  Men. — The  Contractor  shall 
follow  all  reasonable  directions  of  the  Engineer  in  regard  to 
the  discipline  of  his  men  during  the  work  of  erection.  At  the 
completion  of  the  work  he  shall,  if  desired  by  the  Engineer, 
furnish,  proper  bond  to  protect  the  Engineer  from  all  liabili- 
ties resulting  from  the  failure  of  the  Contractor  to  pay  for 
the  materials  or  labor. 

219.  Final  Test. — As  soon  as  the  bridge  is  completed 
and  before  its  final  acceptance,  the  Engineer  may  test  it  by 
loading  it  with  the  specified  loads.  Any  defect  that  becomes 
apparent  shall  be  corrected  by  the  Contractor. 

220.  Name  Plate. — A  name  plate  of  neat  design  and 
finish,  giving  the  name  of  the  Contractor  and  the  date  of  erec- 
tion, shall  be  firmly  attached  to  each  bridge  in  a  prominent 
positioii.  

INSPECTION 

221.  Inspectors. — All  material  shall  be  tested  by,  and 
all  workmanship  shall  be  under  the  supervision  of,  inspectors 
appointed  by  the  Engineer.  The  Engineer  and  his  inspectors 
shall  have  free  access  at  all  times  to  all  parts  of  the  mills  and 
shops  in  which  any  part  of  the  bridge  is  being  manufactured. 
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a  copy  is  sent  to  the  bidder  with  the  letter  of  invitation,  and 
he  is  requested  to  submit  a  proposed  plan  with  his  bid.  In 
the  majority  of  cases,  however,  the  bidder  is  furnished  with 
a  plan  that  chives  all  the  information  called  for  on  the  blank 
form,  and  in  addition  the  stresses  in  the  members. 

227.  When  it  is  necessary  to  have  a  bridge  ready  for 
traffic  at  a  certain  date,  this  date  is  stated  in  the  letter  of 
invitation.  In  some  cases,  bidders  are  offered  a  bonus  for 
each  day  the  bridge  is  finished  before,  and  required  to  pay  a 
penalty  for  each  day  the  bridge  is  finished  after,  the  stated 
time. 

228.  I^ocatlon. — The  first  step  in  the  design  of  a  bridge 
is  the  selection  of  a  site,  and  the  arrangement  of  spans  and 
location  of  piers  and  abutments.     No  fixed  rule  can  be  given 
for  the  location  of  the  bridge  and  abutments  or  piers;  these 
are  matters  that  depend  almost  wholly  on  local  conditions, 
and  must  be  decided  by  the  judgment  of  the  engineer.    In 
general,   however,  it  may  be  said  that  the  site  should  be 
chosen  with  regard  to  economy  and  so  that  the  bridge  will 
be  in  a  good  position  to  accommodate  the  traffic.     As  a  rule, 
sing^le  spans  are  most  economical  for  short  bridges,  and  steel 
trestles  for  long  bridges.     If  the  bridge  is  over  a  river,  and 
a  steel   trestle  cannot  be  used,  owing  to  the  danger  from 
floods    or   because    the   piers  would   block  navigation,  the 
bridge  may  be  composed  of  two  or  more  spans  resting  on 
masonry  piers;  or,  if  at  a  great  elevation  above  the  river,  so 
that  high  piers   are  expensive  and  objectionable,  a  single 
long  span  may  be  used.     It  is  frequently  necessary  to  esti- 
mate   the   approximate   cost  of  several  plans  and  designs 
before  one  is  finally  selected. 

229.  Kind  of  Bridge. — ^^Tien  the  location  of  the  piers 
has  been  decided,  the  number  and  length  of  spans  may  be 
determined;  then  the  general  style  of  bridge,  whfether  deck 
or  through,  the  kind  of  trusses  or  girders,  together  with 
panel  lengths  and  depths,  and  the  width  of  bridge,  are 
selected.  In  general,  deck  bridges  should  be  used  when 
txittiUe.  w  thev  «ro  wmewhat  more  economical  and,  on 
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GENERAIi  DATA 


For  bridge  over_ 
at 


Length  and  general  dimensions. 


Skew  or  angle  of  abutments  with  center  line  of  bridge- 


Width  of  bridge  and  location  of  trusses. 


Floor  system- 


Number  and  location  of  tracks- 
Loading 


Description  of  abutments 

Distance  from  floor  to  clearance  line- 
high  water 

low  water 


(<  c< 


"      "  river  bottom. 
Character  of  river  bottom 


Usual  season  for  floods. 


Name  of  nearest  railroad  station. 


Distance  to  nearest  railroad  station- 
Time  limit 


Name  of  Engineer 

Address  of  Engineer. 
Remarks 
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a  copy  is  sent  to  the  bidder  with  the  letter  of  invitation,  and 
he  is  requested  to  submit  a  proposed  plan  with  his  bid.  In 
the  majority  of  cases,  however,  the  bidder  is  furnished  with 
a  plan  that  sfives  all  the  information  called  for  on  the  blank 
form,  and  in  addition  the  stresses  in  the  members. 

227.  When  it  is  necessary  to  have  a  bridge  ready  for 
traffic  at  a  certain  date,  this  date  is  stated  in  the  letter  of 
invitation.  In  some  cases,  bidders  are  offered  a  bonus  for 
each  day  the  bridge  is  finished  before,  and  required  to  pay  a 
penalty  for  each  day  the  bridge  is  finished  after,  the  stated 
time. 

228.  liocation. — The  first  step  in  the  design  of  a  bridge 
is  the  selection  of  a  site,  and  the  arrangement  of  spans  and 
location  of  piers  and  abutments.  No  fixed  rule  can  be  given 
for  the  location  of  the  bridge  and  abutments  or  piers;  these 
are  matters  that  depend  almost  wholly  on  local  conditions, 
and  must  be  decided  by  the  judgment  of  the  engineer.  In 
general,  however,  it  may  be  said  that  the  site  should  be 
chosen  with  regard  to  economy  and  so  that  the  bridge  will 
be  in  a  good  position  to  accommodate  the  traffic.  As  a  rule, 
single  spans  are  most  economical  for  short  bridges,  and  steel 
trestles  for  long  bridges.  If  the  bridge  is  over  a  river,  and 
a  steel  trestle  cannot  be  used,  owing  to  the  danger  from 
floods  or  because  the  piers  would  block  navigation,  the 
bridge  may  be  composed  of  two  or  more  spans  resting  on 
masonry  piers;  or,  if  at  a  great  elevation  above  the  river,  so 
that  high  piers  are  expensive  and  objectionable,  a  single 
long  span  may  be  used.  It  is  frequently  necessary  to  esti- 
mate the  approximate  cost  of  several  plans  and  designs 
before  one  is  finally  selected. 

229.  Kind  of  Bridge. — When  the  location  of  the  piers 
has  been  decided,  the  number  and  length  of  spans  may  be 
determined;  then  the  general  style  of  bridge,  whfether  deck 
or  through,  the  kind  of  trusses  or  girders,  together  with 
panel  lengths  and  depths,  and  the  width  of  bridge,  are 
selected.  In  general,  deck  bridges  should  be  used  when 
possible,  as  they  arQ  somewhat  more  economical  and,  on 
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account  of  the  transverse  bracing:  between  the  trusses,  some- 
what stiffer  than  through  bridges;  their  use  is  limited,  how- 
ever, to  locations  where  there  is  plenty  of  room  below  the 
floor.  The  kind  of  structure — plate  girders,  riveted  or  pin- 
connected  trusses,  etc. — depends  on  the  span;  the  style  of 
truss — Pratt,  Warren,  Baltimore,  etc. — is  left  to  the  judgment 
of  the  engineer.  The  depth  and  panel  length  are,  as  a  rule, 
controlled  by  the  specifications;  but  a  few  words  may  be 
added.  It  has  been  found  in  practice  that  for  through  plate- 
girder  bridges,  panel  lengths  of  10  to  15  feet  are  best;  for 
riveted  truss  bridges, 
from  15  to  20  feet;  and 
for  pin-connected  truss 
bridges,  from  20  to 
30  feet.  Panels  may  be 
made  longer  than 
30  feet  in  spans  greater 
than  250  feet  in  length, 
but  for  shorter  spans  it 
is  better  not  to  exceed 
this  limit. 


230.    Widtli  and 
Clear  Helfflit.— The 

width  and  clear  height 
must  be  sufficient  to  ac- 
commodate the  traffic. 
For  railroad  bridges, 
they  depend  on  the  out- 
side dimensions  of  the 


Pio.  10 

car  or  engine  having  the  largest  cross-section;  or,  since  one 
car  may  have  the  greatest  width  and  another  the  greatest 
height,  the  outside  dimensions  of  a  car  that  would  have  that 
width  and  height.  This  is  usually  referred  to  as  the  maxl- 
mam  equipment.  The  dotted  lines  in  Fig.  10  represent 
the  approximate  outline  of  the  maximum  equipment  in  use 
on  steam  railroads  in  the  United  States,  the  full  lines  form- 
ing the  diagrams  given  in  Figs.  1  and  2.    The  latter  are 
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commonly  spoken  of  as  clearance  diagnrams.  Their  lines 
are  located  somewhat  outside  the  lines  of  the  maximum 
equipment  to  c^ive  required  clearance,  so  as  to  keep  unlooked- 
for  projections,  such  as  heads  and  arms  out  of  car  windows, 
from  striking  any  part  of  the  bridge.  The  additional  height 
at  the  top  is  to  prevent  any  part  of  the  overhead  bracing 
from  striking  the  heads  of  brakemen  on  top  of  the  cars. 
Owing  to  difficulties  of  design,  the  top  flanges  of  through 
plate  girders  are  allowed  to  come  closer  to  the  lower  part  of 
the  outline  of  maximum  equipment  than  any  part  of  truss 
bridges.  The  same  clearance  diagram  should  be  used  for 
bridges  on  railroads  that  are  undergoing  electrification,  that 
is,  on  which  the  motive  power  is  being  changed  from  steam 
to  electricity,  as  well  as  on  roads  that  are  built  especially  for 
heavy  cars  operated  by  electricity  on  private  right  of  way 
for  freight  and  passenger  service.  The  indications  at  pres- 
ent are  that  the  equipment  on  such  roads  will  be  as  large 
as  the  largest  now  in  use  on  steam  railroads. 

As  the  equipment  on  street  railroads  is  somewhat  smaller 
than  on  steam  or  heavy  electric  roads,  less  width  and  height 
need  be  provided.  Fig.  4  represents  the  outline  of  one-half 
the  clearance  diagram  used  on  street  railways.  Less  clear- 
ance is  needed  above  the  cars  than  on  steam  roads,  as  it  is 
not  necessary  to  allow  for  men  standing  on  top  of  the  cars, 
but  simply  to  provide  ample  room  for  the  trolley. 

On  both  steam  and  electric  roads,  more  clearance  is  allowed 
at  the  sides  on  curves  than  on  straight  track,  as  parts  of  the 
cars  overhang  the  track  and  the  tops  lean  over. 

231.  The  width  of  a  highway  bridge  depends  altogether 
on  the  amount  and  kind  of  traffic  to  be  provided  for.  For 
country  bridges,  the  clear  width  should  never  be  less  than 
about  16  feet;  for  suburban  and  city  bridges,  the  width  may 
be  anything  from  about  20  feet  to  the  full  width  of  the  street 
leading  to  the  bridge.  Each  case  must  be  decided  by  the 
local  requirements. 

232.  Floor  System. — The  arrangement  of  stringers 
and  floorbeams  depends,  to  a  great  extent,  on  the  allowable 
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depth  of  floor  from  the  surface  to  the  iindenieath  clearance 
line-  As  a  rule,  it  is  well  lo  have  as  much  depth  as  pos^jible, 
Two*truss  bridges  are  preferred*  as  a  center  truss  requires 
the  spreading  of  the  tracks  or  roadways.  When  two-truss 
bridges  are  used*  the  depth  of  the  floorbeams  and  that  of  the 
floor  are  much  greater  than  for  three-truss  bridges*  In  the 
elimioation  of  grade  crossings,  and  frequently  in  other  cases, 
it  is  eaiceedingly  expensive  to  separate  the  grades  enough  lo 
penxiit  the  use  of  deep  floorbeams;  and  it  is  then  advisable 
at  times  to  spread  the  track  on  railway  bridges,  or  separate 
the  roadways  on  highway  bridges,  so  as  to  allow  for  the 
insertion  of  a  center  truss.  In  such  cases,  the  floorbeams 
need  not  be  so  deep,  as  they  will  be  but  one-half  as  long  as 
if  two  trusses  were  used. 

Some  engineers  think  it  is  best  to  place  the  stringers  of 
railroad  bridges  directly  under  the  rails,  but  it  seems  better 
practice  to  space  them  6  feet  6  inches  center  to  center,  each 
one  about  9  inches  from  the  center  of  the  raiL  la  this  way, 
some  of  the  shock  and  vibration  of  the  train  is  absorbed  by 
the  elasticity  of  the  ties,  which  have  a  chance  to  deflect. 

Two  stringers  are  frequently  placed  close  side  by  side  to 
carry  the  load  on  each  rail,  but  this  is  not  good  practice,  as 
it  is  almost  impossible  to  distribute  the  load  equally  between 
them  on  account  of  poor  fitting  of  ties»  etc.  If  this  inequality 
occurs  at  the  center  of  a  panel,  the  stringer  getting  the 
greater  part  of  the  load  will  deflect,  thereby  transmitting 
some  of  the  load  to  the  other  stringer,  and  not  much  harm 
will  result.  If  the  inequality  occurs  at  the  end  of  a  panel,  the 
rivets  connecting  one  of  the  stringers  to  the  floorbeam  web 
are  liable  to  get  the  load  that  should  go  through  two  sets  of 
rivets;  they  will  be  overstrained,  and  may,  in  time,  loosen. 
When  stringers  are  riveted  to  floorbeam  webs,  it  is  better  to 
use  one  stringer  for  each  rail. 

233*  Short-span  I-beam  bridges  for  railroads  are  com- 
posed of  two  or  three  beams  for  each  rail  The  beams  are 
placed  close  together,  and  are  made  to  act  as  one  beam  by 
being  firmly  bolted  together  and  held  in  place  by  separators. 
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There  is  then  no  objection  to  using  more  than  one  beam 
under  a  rail.  If  the  string:ers  in  floor  systems  were  laid 
close  and  bolted  tog;ether  in  the  same  way,  it  would  be 
impossible  to  get  satisfactory  connections  to  the  floorbeams. 

234.     Deck  truss  railroad  bridges  are  occasionally  built 
with  a  floor  system,  the  ties  resting  on  the  top  chords  of  the 
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trusses.  The  sections  of  top  chord  then  act  as  beams  as  well 
as  compression  members,  and  are  subjected  to  simultaneous 
compressive  and  bending  stresses.  This  practice  is  con- 
demned by  the  best  engineers.  It  is  best  in  all  cases  tc 
provide  a  floor  system  in  the  top  chord,  the  ends  of  the  floor- 
beams  being  connected  to  the  insides  of  the  trusses  or  restins 
on  top  of  the  trusses  at  the  panel  points. 
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235.  Xiive  Xiofids. — One  of  the  most  important  steps  in 
the  design  of  a  bridge  is  to  ascertain  the  live  or  moving  load 
the  bridge  is  to  carry.  The  live  load  on  a  railroad  bridge 
consists  of  locomotives  and  cars.  As  explained  in  Stresses 
in  Bridge  Trusses,  Part  4,  it  is  customary  to  use  typical  load- 
ings that  represent  the  heaviest  loads  it  is  expected  the 
bridge  will  ever  have  to  carry.  Fig.  11  shows  four  typical 
loadings  in  use  on  leading  railroads  in  the  United  States; 
Cooper's  loadings  also  have  been  adopted  by  many  of  the 
leading  railroad  companies.  At  the  present  time,  Cooper's 
E50  well  represents  the  heaviest  loads  on  most  American 
railroads.  In  a  few  special  cases,  where  the  loads  in  use  are 
somewhat  heavier  than  this,  each  load  of  Cooper's  E50  may 
be  multiplied  by  1.1  or  1.2,  as  desired,  giving  what  may  be 
called  E55  and  E60,  respectively,  approximately  equivalent 
to  the  actual  loads,  and  the  resultant  systems  substituted  for 
E50  in  the  specifications.  For  bridges  on  branch  lines  and 
on  lines  on  which  the  locomotives  and  cars  are  light,  E40 
will  give  sufficiently  heavy  loads.  In  case  extra  heavy  loco- 
motives and  cars  are  used  for  any  purpose,  the  bridges  on 
lines  over  which  they  operate  should  be  designed  for  the 
actual  loads,  increased  10  per  cent,  in  some  cases  to  allow 
for  future  increase. 

236.  Up  to  the  present  time,  the  only  type  of  concen- 
trated load  that  has  been  considered  for  railroad  bridges  has 
been  the  steam  loco-    8     8     8  8     8     8 

motive  and   train  of   |     |     §  §11    sooo  ih  per  Li/mar 

motives  very   nearly  fio.  12 

equal  in  weight  to  the  steam  locomotives.  Fig.  12  shows 
the  distances  between  axles  and  the  weights  on  the  axles  of 
one  of  the  heaviest  electric  locomotives  that  has  been  built. 
Bridges  over  which  such  heavy  locomotives  are  to  pass,  or 
over  which  it  is  likely  they  will  pass  in  the  future,  should  be 
designed  for  Cooper's  E50,  in  the  same  way  as  other  railroad 
bridges,  or  for  the  actual  loads,  as  explained  above. 


cars.     There  are  now 
in  use  electric  loco- 
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237.  On  electric  roads  desig:ned  for  the  multiple-unit 
system,  which  uses  no  locomotives,  each  car  carrying  its 
own  motors,  it  is  necessary  to  ascertain  if  there  is  any  possi- 
bility of  the  road  beins:  used  in  the  future  by  steam  or  electric 
locomotives;  if  so,  due  allowance  should  be  made  so  that  the 
bridges  will  be  strong:  enoug:h  for  them.  If  it  is  likely  that 
nothing  but  the  cars  will  ever  run  on  the  road,  the  bridges 
should  be  designed  for  the  actual  weights  of  the  cars  when 
fully  loaded,  increased  10  or  20  per  cent,  to  provide  for  a 
possible  increase  in  the  weight  of  future  cars.     Fig.  13  rep- 

I   9  Q  9  9  9-9 9-9 9-9 — 
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resents  the  weights  and  axle  spacing  of  the  cars  run  by  the 
multiple-unit  system  on  two  different  roads.  The  specifi- 
cations given  for  railroad  bridges  should  be  used  for  such 
system  of  loading,  except  that  the  new  loading  should  be 
substituted  for  that  given  in  Art.  24. 

238.  The  loads  to  which  highway  bridges  are  subjected 
differ  considerably  from  those  to  which  railroad  bridges  are 
subjected.  They  usually  consist  of  heavy  snowfalls,  crowds 
of  people,  wagons,  road  rollers,  and  street  cars.  It  has 
been  observed  that  city  bridges  are  more  likely  to  be  sub- 
jected to  the  weight  of  large  crowds  of  people  and  of  wagons 
than  country  bridges;  a  crowd  of  people  may  cover  the 
entire  floor  of  a  short  span,  but  is  not  likely  to  cover  the 
whole  floor  of  a  long  span.  For  this  reason,  the  uniform 
load  per  square  foot  that  is  used  is  heavier  for  city  than  for 
country  bridges,  and  heavier  for  short  than  for  long:  spans. 
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Heavier  road  rollers  are  used  on  city  streets  than  on  country 
roads.  The  case  of  street  cars»  however,  is  somewhat  differ- 
ent. The  heaviest  cars  run  in  city  streets  are»  as  a  rule, 
Ihose  that  are  used  for  interurban  iraflSc;  that  is,  to  connect 
cities.  These  cars  cross  country  bridges  as  well  as  city 
bridi^es.  and  both  kinds  of  bridges  must  be  designed  to  sup- 
port ihem.  The  loads  given  in  Art.  98  represent,  as  near 
as  possible » those  to  which  the  different  bridges  may  be  sub- 
jected, and  are  approximately  the  same  as  those  now  in  use 
by  the  best  engineers.  It  is  not  probable  that  they  will 
increase  for  a  great  many  years. 

239.  Impact  and  vibration. — As  explained  in  Sirengih 
0i  Afaierialst  Part  1,  a  load  that  is  suddenly  applied  produces 
twice  as  great  a  stress  as  one  that  is  gradually  applied,  and 
a  load  that  is  applied  in  a  %*ery  short  interval  of  time  causes  a 
stress  greater  than  that  caused  by  a  load  that  is  gradually 
applied,  but  less  than  that  caused  by  a  suddenly  applied 
load*  The  moving  loads  that  cross  bridges  are  applied  in  a 
short  interval  of  time,  more  so  in  the  case  of  railroad  than  of 
highway  bridges »  and  it  is  customary  to  make  some  allow- 
ance for  the  resulting  increased  stresses  in  the  members  and 
for  the  shock  and  vibration  of  the  bridge  under  the  passing 
loads«  The  increase  in  the  stresses  is  called  the  effect  of 
Impact  ana  vibration.  Some  experiments  have  been 
made  and  several  formulas  proposed  for  determining  the 
magnitude  of  this  increase.  Owing,  however,  to  the  difficulty 
and  expense  of  making  e^Eperiments,  it  has  been  impossible 
to  obtain  reliable  results*  Practice  varies  considerably  in 
respect  to  the  formula  used;  some  engineers  use  two  values 
for  the  allowable  intensity  of  stress  -  one  for  dead-load  stress, 
and  the  other,  usually  one*half  the  former,  for  live-load 
stress.  This  method  has  the  disadvantage  that  it  causes 
diMeulty  in  designing,  especially  in  compression  members; 
it  is  necessary  to  find  separately  the  areas  of  cross-section 
rtquired  to  resist  the  dead-load  and  the  live*load  stresses 
and  to  add  them  in  each  case  to  obtain  the  required  dimen- 
sions.    This    method   iS|   besidesi    illogical,   as    it 
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assumes  that  the  proportional  effect  of  impact  and  vibration 
is  the  same  in  all  members,  while  as  a  matter  of  fact  it  is 
greater  in  such  members  as  floor  members  and  hip  verticals, 
which  receive  their  maximum  live-load  stresses  in  a  short 
interval  of  time  (in  some  cases,  i  second),  than  in  such 
members  as  chords  of  long:  spans,  which  do  not  receive  their 
maximum  live-load  stresses  in  so  short  a  time.  The  best 
eno^ineers  allow  the  same  intensity  of  stress  for  both  dead- 
load  and  live-load  stresses,  but  add  a  certain  amount  to  the 
live-load  stress  as  calculated  from  the  loading:.  In  some 
cases,  the  amount  added  is  a  percentag^e  of  the  live  load 
equal  to  the  ratio  of  the  live-  to  the  sum  of  the  live-  and  dead- 
load  stresses;  but  in  the  g:reat  majority  of  cases  allowance  is 
made  as  specified  in  Arts.  25  and  99.  The  time  required 
for  any  live-load  stress  to  rise  from  zero  to  its  maximum 
depends  on  the  time  it  takes  the  moving  load  to  cover  the 
part  of  the  bridg:e  that  must  be  loaded  in  order  to  cause  the 
maximum  stress.  The  formulas  just  referred  to  take  this 
into  account;  they  are  the  results  of  experience,  and  are  the 
most  satisfactory  so  far  devised.  More  allowance  is  made  in 
railroad  bridges  than  in  hig:hway  bridges  that  carry  electric 
railways,  as  in  the  former  class  of  bridg:es  the  loads  move 
much  faster  and  also  cause  more  shock  and  vibration. 

Example  1.— The  live-load  stress  in  the  center  panel  of  the  tipper 
chord  of  a  railroad  bridge  truss  150  feet  long  is  280,000  pounds.  What 
amount  must  be  added  for  impact  and  vibration? 

Solution.— In  this  case,  S  =  280,000;  as  the  member  under  con- 
sideration is  a  chord  member,  the  entire  span  must  be  loaded  to 
produce  the  stress  S.    Then  (see  Art.  25),  L  =  160,  and,  therefore, 

/  =  150^300  X  280,000  =  186.700  lb.    Ans. 

Example  2.— In  a  highway  bridge  truss  125  feet  long,  the  live-load 
stress  in  the  end  post,  due  to  the  load  on  the  car  track,  is  75,000  pounds. 
What  amount  must  be  added  for  impact  and  vibration? 

Solution. — In  this  case,  5"  =  75,000;  as  the  member  under  con- 
sideration is  an  end  post,  the  entire  length  of  span  must  be  loaded 
to  produce  the  stress  5.    Then  (see  Art.  99),  L  =  125,  and,  therefore, 

/  =  ^006^^  X  75,000  =  13,100  lb.    Ans. 
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240.  Reversal  of  Stress. — It  is  a  well-known  fact, 
established  by  experiment,  that  a  piece  of  metal  that  is 
subjected  to  a  lars:e  number  of  repetitions  of  varying: 
stresses  will  finally  break,  even  thoug^h  the  s^reatest  stress 
to  which  it  has  been  subjected  is  much  less  than  the  ultimate 
strength  of  the  metal.  This  is  true  whether  the  stresses  are 
of  the  same  kind  or  are  of  opposite  kinds.  Brids:e  members 
are  subjected  to  a  great  number  of  repetitions  of  varying 
stresses,  and  various  methods  ar«  in  use  to  make  allowance 
for  the  effect.  Some  of  these  methods  make  use  of  different 
allowable  intensities  of  stresses  in  different  members,  the 
actual  value  in  any  case  depending  on  the  ratio  of  the  mini- 
mum to  the  maximum  stress.  It  is  the  best  practice  at  the 
present  time,  however,  to  ignore  the  effect  in  those  members 
in  which  the  maximum  and  minimum  stresses  are  of  the 
same  kind,  as  the  range  of  stress  is  comparatively  small, 
and  to  allow  for  it  in  those  members  in  which  the  maximum 
and  minimum  stresses  are  of  opposite  kinds,  as  the  range  of 
stress  is  then  comparatively  large. 

The  customary  way  to  make  allowance  in  those  members 
in  which  the  stress  reverses  is  to  add  to  each  stress  eight- 
tenths  of  the  other  and  then  design  the  member  for  both  of 
the  increased  stresses.  For  example,  if  the  maximum  stress 
in  a  member  is  25,000  pounds  compression,  and  the  minimum 
stress  is  10,000  potmds  tension,  the  member  must  be  designed 
for 

25,000  -f  A  X  10,000  =  33,000  pounds  compression 
and  for 

10,000  -f  iV  X  25,000  =  30,000  pounds  tension 

ExAMPLB. — The  maximum  stress  in  a  member  is  50,000  pounds 
tension,  and  the  minimum  stress  20,000  pounds  compression,  {a)  If 
the  allowable  intensity  of  tensile  stress  is  16,000  pounds  per  square  inch, 

what  is  the  required  net  section  of  the  member?    (6)  If  the  value  of  - 

is  such  that  the  allowable  intensity  of  compressive  stress  is  13,500 
pounds  per  square  inch,  what  is  the  required  gross  section? 

SoLTTTiON.— (0)  The  tension  for  which  the  member  is  to  be  designed 
is  50,000  +  A  X  20,000  »  66,000  lb. 

136-« 
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Then,  the  required  area  of  net  section  is 

66,000  -h  16  000  »  4.125  sq.  in.    Ans. 

{d)    The  compression  for  which  the  member  is  to  be  designed  it 
20,000  -h  A  X  60.000  =  60,000  lb. 

Then,  th%  required  gross  area  is 

60,000  -h  13,600  >=  4.444  sq.  in.    Ans. 

241.  Dead  Ijoad. — In  finding:  the  dead  load,  it  is  cus- 
tomary first  to  decide  on  the  type  of  floor  and  calculate  its 
weight.  Then  the  approximate  weight  of  the  steelwork  can 
be  calculated  by  some  formula.  The  weight  of  a  bridge  per 
linear  foot  depends  on  the  moving  load  for  which  the 
bridge  is  designed  and  on  the  intensities  of  stress  adopted. 
Formulas  for  calculating  weights  of  bridges  are  purely 
empirical;  they  are  based  on  values  that  have  been  observed 
in  actual  structures.  On  account  of  the  fact  that  railroad 
bridges  are,  as  a  rule,  designed  for  one  loading,  the  formulas 
for  their  weights  are  fairly  reliable.  In  the  case  of  highway 
bridges,  in  which  the  loadings  and  widths  vary  within  a  wide 
range,  it  is  almost  impossible  to  give  formulas  that  represent 
all  the  conditions.  In  any  event,  it  is  necessary,  after  having 
completed  the  design  of  a  bridge,  to  compute  its  weight 
accurately;  if  the  computed  weight  differs  much  from  the 
assumed  weight,  the  dead-load  stresses  should  be  recomputed 
and  the  cross-sections  of  the  members  altered  to  correspond 
with  the  corrected  stresses.  This  is  sometimes  spoken  of  as 
revising  tbe  design. 

242.  Weisrbts  of  Railroad  Bridfires. — ^The  following 
formulas  give  the  weights  w,  in  pounds  per  linear  foot,  of 
the  steel  work  in  railroad  bridges  designed  according  to  the 
specifications  from  Arts.  14  to  90  for  Cooper's  E50,  /  being 
the  span,  in  feet: 

Rolled  I  beams,  w  =  251  for  each  track. 
Deck  plate-girder  bridges,  w  =  500  -f  8  /  for  one  track. 
Half-through  plate-girder  bridges,  w  =  800  +  121  for  one 
track. 

Riveted  truss  bridges, 

w  =  1,500  [l  +  (^=T^)  I  for  one  track 


-■-h(4^)"] 
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Riveted  truss  bridg:es, 

w  =  2,600  Tl  -f  (^^^)*1  ^or  two  tracks 

Pin-connected  truss  bridfi^es  may  be  assumed  6  per  cent, 
lighter  than  riveted  truss  bridfi^es  for  spans  over  200  feet  in 
length.  For  spans  shorter  than  200  feet,  the  same  formulas 
may  be  used  as  for  riveted  truss  bridges. 

The  above  weights  are  for  bridges  having  standard-tie 
floors,  as  described  in  Art.  48.  Solid-floor  bridges  will,  in 
general,  be  about  25  per  cent,  heavier. 

243.  Weigrhts  of  Higrhway  Bridgres. — The  following 
formulas  give  the  weights  w,  in  pounds  per  linear  foot,  of 
one  girder  or  truss  in  highway  bridges  designed  according  to 
the  specifications  given  in  Arts.  91  to  159;  /  being  the  span, 
in  feet,  and  IV  the  maximum  load  per  linear  foot  supported 
by  the  girder  or  truss,  including  the  live  load  together  with 
the  impact,  and  the  weight  of  floorbeams,  stringers,  railings, 
and  floor. 

Hate-girder  bridges,  w  i=  t^(24+  .8/). 

Riveted  truss  bridges,  "^  =  ts  [^  +  ^f^^)'!* 

Pin-connected  truss  bridges  may  be  assumed  5  per  cent, 
lighter  than  riveted  truss  bridges  for  spans  over  200  feet  in 
length.  For  spans  shorter  than  200  feet,  the  same  formulas 
may  be  used  as  for  riveted  truss  bridges. 


DESIGN  OF  PLATE  GIRDERS 

(PART  1*) 


GENERAL  PRINCIPLES 


BEAMS 

1.  Introduction. — The  principles  governing  the  distri- 
bution of  stress  in  the  cross-section  of  a  beam,  and  the  for- 
mulas by  which  the  stresses  are  obtained  from  the  moments  and 
shears,  have  been  explained  in  connection  with  the  theory  of 
beams  in  Strength  of  Materials.  The  formula  for  the  maximum 
tensile  and  compressive  stresses  at  any  section  of  a  beam  is 

_  Mc 
'  "^ 
in  which  s  =  maximum  intensity  of  stress; 

c  =  distance  of  most  remote  part  of  section  from 

neutral  axis; 
/  s  moment  of  inertia  of  entire  cross-section  about 
neutral  axis; 
M  s  bending  moment  at  section  considered. 

If  the  expression  -,  which  is  the  section  modulus,  is  repre- 

€ 

sented  by  j2»  the  formula  for  the  maximum  intensity  of  stress 
becomes 

-f 

*  All  the  tables  referred  to  in  this  Section  are  given  in  Bridge  Tables 
and  explained  mJSridge  Members  and  Details ^  Parts  1  and  2.  In  refer- 
ring to  the  Section  entitled  Bridge  Specifications  ^  the  title  will  for 
convenience  be  abbreviated  to  B,  S, 

QpfrigkUd  hf  InUnmtimmi  Tattbook  C&m^anf,    Entered  mi  Staitamrt*  Nkll,  Umdom 

175 


2  DESIGN  OF  PLATE  GIRDERS  {75 

From  this  formula  follows 

s 
Care  must  be  taken  that  the  proper  units  are  used  in  these 
formulas.  It  is  customary  to  express  s  in  pounds  per  square 
inch,  c  in  inches,  and  Af  in  inch-pounds;  the  moment  of 
inertia  /  and  section  modulus  Q  found  from  the  dimensions 
of  the  section  expressed  in  inches. 

2.    I  Beams. — The  maximum  intensity  of  stress  in  an 

Af 

I  beam  is  found  by  the  formula  j  =  --.    The  section  moduli 

of  I  beams  of  different  weights  and  depths  are  given  in 
Table  XIV.     The  practical  problem,  however,  usually  con- 
sists in  finding  what  size  of  I  beam  will  safely  carry  a 
given  load. 
To  solve  this  problem,  the  maximum  bending  moment  Af 

is  computed,  and  then,  by  means  of  the  formula  j2  =  — ,  the 

s 

required  value  of  the  section  modulus  is  found.     An  I  beam 

having  a  section  modulus  equal  to  or  slightly  greater  than 

that  required  is  then  chosen  from  Table  XIV.     The  same 

method  is  followed  in  designing  channels  to  be  used  as 

beams. 

Example  1. — The  bending  moment  at  a  given  section  of  a  12-inch 
40-pound  I  beam  is  672,000  inch-pounds.  What  is  the  maximum  inten« 
sity  of  stress  at  that  section? 

Solution.— Consulting  Table  XIV,  the  section  modnlas  of  a  12-in. 
40-lb.  I  beam  is  found  to  be  44.8.    Then,  since  Af  is  672,000  in.-lb., 

the  maximum  intensity  of  stress  s  is 

672,000  ^  44.8  =  15,000  lb.  per  sq.  in.    Ans. 

Example  2. — The  maximum  bending  moment  on  a  beam  is 
1,840,000  inch-pounds.  If  it  is  required  that  the  maximum  intensity 
of  stress  shall  not  exceed  16,000  pounds  per  square  inch,  what  size  and 
weight  of  I  beam  must  be  used? 

Solution.— Since  M  is  1,840,000  in. -lb.,  and  5  is  16,000  lb.  per 
sq.  in.,  the  required  value  of  section  modulus  Q  is  1,840,000  -t- 16,000 
=  115.  Consulting  Table  XIV,  and  following  from  the  smaller  beams 
toward  the  larger,  the  first  I  beam  that  has  a  section  modulus  as  large 
as  required  is  found  to  be  a  15-in.  95-lb.  beam,  which  has  a  section 
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modalus  of  116.4.  Looking  lower  down,  however,  it  is  found  that  a 
20-in.  65-lb.  beam  has  a  section  modalus  of  117,  which  is  also  suffi- 
cient. The  latter  beam  should  be  used,  as  it  is  30  lb.  per  ft.  lighter, 
and  therefore  more  economical  than  the  95-lb.  beam. 

NoTB.— The  advanta^  of  aslnsr  a  deep  beam  is  here  apparent,  as  the  required 
▼alne  of  section  modnlos  can  be  had  with  a  lighter  beam  than  if  a  ihallower  beam 


BXABCPLES    FOR    PRACTICE 

1.  The  bending  moment  at  a  given  section  of  a  24-inch  100- pound 
I  beam  is  3,472,000  inch-pounds.  What  is  the  maximum  intensity  of 
stress  at  that  section?  Ans.  17,500  lb.  per  sq.  in. 

2.  The  bending  moment  at  a  given  section  of  an  18-inch  65-pound 
I  beam  is  1,370,600  inch-pounds.  What  is  the  maximum  intensity  of 
stress  at  that  section?  Ans.  14,000  lb.  per  sq.  in. 

3.  The  maximum  bending  moment  on  an  I  beam  is  133,300  foot- 
pounds. What  size  I  beam  must  be  used  in  order  that  the  maximum 
intensity  of  stress  shall  not  exceed  16,000  pounds  per  square  inch? 

Ans.  A  20-in.  65-lb.  I  beam 

4.  The  maximum  bending  moment  on  an  I  beam  is  400,000  inch- 
pounds.  What  size  I  beam  must  be  used  in  order  that  the  maximum 
intensity  of  stress  shall  not  exceed  16,000  pounds  per  square  inch? 

Ans.  A  10-in.  30-lb.  I  beam 
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SECTION    MODULUS 

3.     The  maximum  stresses  due  to  bending  moment  in  a 

M 
plate  girder  may  be  found  by  means  of  the  formula  5  =  --. 

As  the  flanges  are  not  the  same  size  throughout  the  whole 
length  of  the  girder,  however,  the  value  of  Q  changes 
wherever  the  section  of  flange  changes,  and  in  order  to  use 
the  formula  it  is  necessary  to  compute  the  value  of  Q  at 
every  section  where  the  flange  changes.  This  requires 
much  time  and  is  rarely  done  in  practice;  a  modification  of 
the  foregoing  formula  is  used  that  gives  sufficiently  close 
results  and  is  much  more  convenient.  This  formula  will 
now  be  explained. 
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at  a  distance  -£■  from  the  center 


4.  Let  Pig.  1  be  a  vertical  section  of  a  plate  girder  bavins: 
dimensions  as  follows:  tbickness  of  web,  /;  widtb  (deptb)  of 
web,  h\  vertical  distance  between  centers  of  gravity  of  flanges, 
hg\  total  height  or  deptb  of  section,  hx\  gross  area  of  cross- 
section  of  top  flange  and  net  area  of  cross-section  of  bottom 
flange,  which  will  be  assumed  equal,  A.  It  will  be  assumed 
that  the  cross-section  of  the  girder  is  symmetrical;  then,  the 

neutral  axis  will  be  at  the  center, 

2 

of  gravity  of  each  flange.    As 

j2  =="  -» it  is  necessary  to  compute 

€ 

the  value  of  /;  c  is  equal  to  ~. 

The  moment  of  inertia  of  the 

entire  cross-section  about  the 

neutral  axis   is   the  sum  of 

the   moment  of    inertia  of    the 

web  about  the  neutral  axis,  the 

moment  of  inertia  of  each  flange 

about  an   axis    parallel    to    the 

neutral  axis  and  passing  through 

the  center  of  gravity  of  the  flange,  and  the  product  of  the 

area  of  each  flange  and  the  square  of  the  distance  from  its 

center  of  gravity  to  the  neutral  axis. 

The  moment  of  inertia  of  the  web  about  the  neutral  axis 


Fio.  1 


is 


12' 


As  part  of  the  web  is  cut  out  by  rivet  holes,  it  is 


customary  to  allow  for  the  decrease  in  strength  by  using  for 
the  moment  of  inertia  three-fourths  of  the  theoretical  value; 

that  is,  in  this  case,  i  x  — -  =  y^.    The  moment  of  inertia 

1 A         111 

of  each  flange  about  an  axis  through  its  center  of  gravity  is 

very  small  compared  with  the  other  terms,  and  in  practice 

it  is  customary  to  neglect  it.     The  product  of  the  area  of 

each  flange  and  the  square  of  the  distance  of  the  center  of 


gravity  of  the  flange  from  the  neutral  axis  va  Ay, 


Per 
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Ah* 
both  flansfes,  twice  this  value,  or  —^,  should  be  taken. 

Therefore,  for  the  moment  of  inertia  of  the  entire  cross- 
section  of  the  s^irder  about  the  neutral  axis,  we  have, 
approximately, 

2     "^  16 
whence,  since  j2  =  -»  and  c  =  — ', 

€  2 

Ah/      ih' 
Q  B      2     ^6  ^  Ahl  ^  /V 
ht  hi        o  h% 

2 
This  formula  is  not  convenient  in  this  form.  By  assuming 
that  in  the  first  term  A,  can  be  replaced  by  A„  and  that  in 
the  second  term  A,  can  be  replaced  by  h,  and  h*  by  h*  X  h,, 
the  following  more  convenient,  and  sufficiently  approximate^ 
formula  is  found: 

As  a  matter  of  fact,  h,  A„  and  h^  are  as  a  rule  very  nearly 
equal,  and  there  is  not  very  much  error  in  assuming  that  any 
of  these  quantities  can  be  replaced  by  either  of  the  other  two. 

ExAMPLB. — ^The  web  of  a  plate  girder  is  48  in.  X  i  in.  in  cross- 
section.  Each  flange  has  an  area  of  section  equal  to  20  square  inches, 
and  the  vertical  distance  between  their  centers  of  gravity  is  47  inches. 
What  is  the  section  modulus  of  the  cross-section? 

Solution.— In  this  case,  A,  =  47  in.,  ^  =  20  sq.  in.,  /  »  |  in., 
and  Jl  V  48  in.    Substituting  these  values  in  the  formula, 

fl»47x(20H-—^)  =  1,081.    Ans. 
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5«    Determination  of  Flansre  Area. — Since  j  as  --, 

we  have  also,  Af  ^  sQ.    Substituting  for  Q  its  value  given 
in  Art.  4tf  this  equation  becomes 

M^sh,(A  +  i^y 
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whence  M.=.  A  +  ^ 

sAr  8 

and  A  =  ^-q 

sht       8 

The  expression  — --  is  sometimes  spoken  of  as  the  flange 
shg 

area,  and  the  term  —  is  spoken  of  as  the  portion  of  web 
p 

that   goes  to  make  up  the  flange  area,  or  that  assists  in 
resisting  the  bending  moment. 

In  designing,  the  distance  between  the  centers  of  gravity 
of  the  flanges  is  usually  first  assumed  equal  to  the  width  of 
web,  and  the  flange  is  designed  on  that  basis;  then,  the  cor- 
rect distance  is  calculated,  and,  if  necessary,  the  areas  of  the 
flanges  are  changed  to  correspond  with  it. 

6.  Effect  of  Web. — It  is  sometimes  specified  that  the 
flanges  shall  be  considered  as  resisting  the  entire  bending 
moment,  without  considering  the  assistance  of  the  web.  In 
this  case,  as  the  last  expression  in  the  formula  for  ^4  in  Art.  5 
represents  the  effect  of  the  web,  it  is  simply  necessary  to 
omit  it.     The  resulting  formula  is 

s  hg 

By  using  this  formula,  the  area  of  each  flange  is  made 
larger  than  necessary  by  an  amount  equal  to  one-eighth  the 
cross-section  of  the  web.  This  assumption  evidently  gives 
incorrect  results;  but,  as  it  provides  more  flange  area  than  is 
required,  it  is  on  the  safe  side.  The  only  objection  to  it  is 
that  it  is  not  economical.  In  the  following  articles,  it  will  be 
assumed  that  the  web  assists  in  resisting  bending  moment. 

Example.— A  plate  girder  having  a  60"  X  i"  web  is  subjected  to  a 
maximum  bending  moment  of  2,000,000  foot-pounds.  If  the  allowable 
intensity  of  bending  stress  is  16,000  pounds  per  square  inch,  what  is 
the  trial  value  that  would  be  used  for  the  area  of  each  flange:  (a)  if 
the  web  is  assumed  to  assist  in  resisting  the  bending  moment?  {b)  if  the 
flanges  are  assumed  to  resist  the  entire  bending  moment? 

Solution. — (a)  As  the  bending  moment  is  given  in  foot-pounds, 
it  must  be  multiplied  by  12,  in  order  to  reduce  it  to  inch-pounds. 
This  gives  M  ^  12X  2,000,000  =  24,000,000  in. -lb.    The  value  of  s 
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is  16,000  lb.  per  sq.  in.  As  the  trial  values  of  the  areas  are  required, 
the  trial  value  of  A,,  that  is,  the  width  of  the  web,  or  60  in.,  will  be 
nsed.  In  the  first  case,  the  required  area  of  the  flange  is  given  by 
the  formula  in  Art.  6. 

M       th 
shg       8 
Here,  /  »  f  in.,  and  A  a  A,  a  60  in.     Then,  substituting  in  the 
formula, 

.        24,000,000        .876X60       _      ^  ^.       oo  io  .«   :„      a«. 

^  °  16,000X60 8 ^  ^  ""  ^-^^  "  ^-^^  *^-  ''''    ^°^- 

(6)     In  the  second  case,  the  required  area  of  flange  is  given  by  the 

t)stituting  tl 
24.000,000 


formula  A  »  — r-.    Substituting  the  given  values, 
Sng 


"-i6.0dOX60-25  8q.m.    An.. 

7.  lienfiTtli  of  Flanfire  Members. — As  the  bending 
moment  near  the  end  of  a  girder  is  less  than  at  the  center, 
the  required  area  of  flange  section  is  less  near  the  end  than 
at  the  center.  For  this  reason,  each  flange  is  composed  of 
several  parts,  usually  two  angles  and  one  or  more  plates. 
The  angles,  and  in  some  cases  one  plate,  are  continued  the 
entire  length  of  the  girder;  the  other  plates  are  shorter,  and 
are  cut  off  where  they  are  no  longer  required.  It  is  very 
difficult  to  find,  by  the  analytic  method,  the  sections  at  which 
the  different  flange  plates  are  no  longer  required;  a  combina- 
tion of  the  analytic  and  the  graphic  method  is  more  con- 
venient. The  required  areas  of  flange  at  several  sections 
along  the  girder  are  computed  by  means  of  the  formula 

A  =  — — ,  and  a  curve  of  flang^e  areas  is  drawn.     Fig.  2 
shg 

shows  the  curves  for  the  top  and  bottom  flanges  of  a  plate 

girder,  and  the  graphic  method  of  determining  the  sections  at 

which  the  plates  are  no  longer  required.    As  plate  girders  are 

usually  symmetrical  about  the  center,  only  one-half  of  the  span 

is  shown.    The  diagram  is  explained  in  the  following  article. 

8.  Curve  of  Flange  Areas. — On  any  line  X^  X,  Fig.  2, 
the  distance  ROxs  laid  off  to  scale  equal  to  one-half  the  span, 
and  the  sections  A.^B^  C,  etc.,  at  which  the  flange  areas  have 
been  computed,  are  marked  in  their  proper  positions.  At 
A^  B^  C,  etc.,  lines  are  drawn  at  right  angles  to  X^  X,  and  on 


8 


DESIGN  OF  PLATE  GIRDERS 


§75 


them  are  laid  off  to  scale  the  distances  AA\  B  ff^  CO,  etc., 
above  and  below  X'Xio  represent  the  values  of  A  as  found  by 
M 


the  formula/^  = 


5  kg 


If  the  load  on  the  girder  is  concentrated 


at  the  points  A^  B,  C,  etc.,  as  in  a  half-through  plate-girder 
bridge,  straight  lines  RA'yA'  ff.B'C,  etc.  are  drawn  con- 
necting the  points  just  found;  if  the  load  on  the  girder  is 

r 


Fio.  2 


distributed,  as  in  a  deck  plate-girder  bridge,  smooth  curves 
are  passed  through  the  points  R,  A\  ff,  C\  ZX,  and  /',  above 
and  below  the  line  A''  X,  respectively.  In  the  present  case, 
it  has  been  assumed  that  the  load  is  uniformly  distributed; 
then,  the  curves  R  I'  are  the  curves  of  flange  areas,  and  the 
ordinate  at  any  section,  such  as  E  E'  at  E^  represents  the 
required  flange  area  at  that  section.  The  next  step  in 
the  construction  of  the  diagram  consists  in  laying  off  to 
scale  on  the  line  YO  Y*  at  right  angles  to  X'  X  z!L  O  the 
areas  of  the  different  sections  that  make  up  the  flanges. 
When  it  is  specified  that  the  effect  of  the  web  in  assisting  to 
resist  the  bending  moment  is  to  be  neglected,  the  areas  of 


I 

I 


I 

I 

I 


» 
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the  ans^les  aod  plates  are  laid  off  directly  from  O;  wheo  it  is 
specified  that  the  effect  of  the  web  is  to  be  consideredj  as  in 
the  present  case,  the  points  <7  are  located  on  VO  V^  zt  such 

.  au^^eTo-c  ....<.  ,«,.«„»  .0  so.,. '-A.„a.>» 

lines  <yR*  are  drawn  parallel  to  OR.  Then,  the  ordinates 
between  the  lines  O^R^  and  the  curves,  at  any  section,  such 
as  E^*  E'  at  E^  represent  the  required  area  that  must  be  pro- 
vided in  the  angles  and  plates  at  that  section.  In  the  present 
case,  it  will  be  assumed  that  two  angles  and  three  plates  are 
required  at  the  center  in  each  flange;  (7/^  represents  the 
gross  area  of  the  two  angles,  and  FG.GH,  and  HI,  the  gross 
areas  of  the  three  plates  in  the  top  flange;  (y F^,  Ft  C,  G,  Htt 
and  H^l,  represent  the  net  areas  of  the  angles  and  plates 
in  the  bottom  flange-  Lines  are  drawn  through  the 
points  F,  G,  ff,  etc.  to  their  intersections  F\  G,  H\  etc, 
respectively,  with  the  curve;  then,  [,g,  etc.,  on  perpendiculars 
from  F\  G\  etc*  to  .V'A',  are  the  sections  at  which  tixe  dif- 
erent  flange  plates  are  no  longer  required. 

For  example,  it  is  seen  that  at  the  section  h  the  required 
area  of  the  top  flange  is  represented  by  h'H*,  which  is  equal 
to  O* H^  and  this  represents  the  sum  of  the  areas  of  the  two 
angles  and  two  plates »  Hence,  as  the  outside  pi  arte  is  not 
required^  it  can  be  discontinued  at  H\  and  H H^  will  repre- 
sent one-half  its  length.  In  a  similar  manner >  at  the  section^ 
the  required  area  of  the  top  flange  is  represented  by  g^G\ 
which  is  equal  to  CyG,  and  this  represents  the  sum  of  the 
areas  of  the  two  angles  and  one  plate*  Hence,  as  the  two 
outside  plates  are  not  required,  the  second  plate  can  be 
discontinued  at  G.  By  the  same  method,  the  section  at 
which  any  plate  is  no  longer  required  can  be  found  when 
there  are  any  number  of  plates. 


EXAMPLES    FOB    PRACTICE 

1,  The  web  of  a  plate  girder  Is  84  in.  X  t%  in.  iu  cross-section. 
Each  flAJige  has  an  area  of  section  eqtial  Co  36  square  mcbes^  And  the 
vertical  distance  between  their  centers  of  gravity  is  83  inches.  What  fa 
th*  i«ctioo  modulus  of  Ibe  cross^sectioa?  Aqb,  3,473 
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2.  A  plate  girder  having  a  56"  X  i^'  web  is  subjected  to  a  mazimtixn 
bending  moment  of  1,792,000  foot-pounds.  If  the  allowable  intensity 
of  bending  stress  is  16,000  pounds  per  square  inch,  what  is  the  trial 
value  that  would  be  used  for  the  area  of  cross-section  in  the  design  of 
each  flange:  {a)  if  the  web  is  assumed  to  assist  in  resisting  the  bend- 
ing moment?  '  {d)  if  the  flanges  ate  assumed  to  resist  the  entire 
bending  moment?  *«-  /(«)  20.6  sq.  in. 

^*l(*)  24sq.in. 

3.  The  required  flange  areas  at  several  sections  of  a  deck  plate 
girder  64  feet  long  are  as  follows:  at  8  feet  from  the  end,  21  square 
inches;  at  16  feet  from  the  end,  36  square  inches;  at  24  feet  from  the 
end,  45  square  inches;  and  at  the  center  of  the  span,  48  square  inches. 
The  upper  flange  is  made  up  as  follows: 

Squa&b  Inchbs 

/A-r8 =     4.12 

Two  angles,  6  in.  X  6  in.  X  |  in.  ^  8.44 »  1  6.8  8 

Three  plates,  16  in.  X  Tiffin- @  7.00 =21.0  0 

One  plate,  16  in.  X  I  in.  d  6.00 =     6.0  0 

4  8.0  0 
What  are  the  theoretical  lengths  of  the  four  flange  plates  to  the 
next  larger  whole  foot?  Ans.  23  ft.;  S4  ft.;  42  ft.;  48  ft. 
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9.  liongfltudlnal  Sheariiifir  Stress. — ^The  distribution 
of  stress  in  the  cross-section  of  a  beam  can  be  represented 
as  in  Fig.  3,  in  which  the  lines  with  arrowheads  represent 

the  intensities  of  stress  at  different 
distances  from  the  neutral  axis.  All 
the  stresses  acting  on  the  section 
above  the  neutral  axis  are  in  one 
direction;  all  below,  in  the  other 
direction.  On  this  account,  there  is 
a  tendency  for  the  portion  of  the 
beam  on  one  side  of  the  neutral 
plane  to  slide  horiEontally  on  the 
portion  on  the  other  side.  The 
same  is  true  at  any  horisontal  sec- 
tion, such  as  .r  jr,  the  part  above  xx 
tending  to  slide  on  or  shear  away  from  the  part  below  the 
plane  r  v.  This  tendency  causes  a  shearing  stress  called  the 
lonf^ltudlual  shear Inir  stress  or  lonsrttudlnal  shear. 
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which  decreases  as  the  distance  from  the  neutral  axis 
increases,  is  greatest  at  the  neutral  axis,  and  is  zero  at  the 
outside  of  the  section.  It  can  be  shown  by  advanced  mathe- 
matics that  the  longitudinal  shearing  stress  in  a  beam  is  given 
by  the  formula 

in  which  j/  =  longitudinal  stress,  in  pounds  per  linear  inch 
of  beam  (that  is,  the  stress  that  would 
occur  in  a  length  of  the  beam  equal  to 
1  inch,  if  the  stress  in  all  that  portion  had 
the  same  intensity  as  at  the  section  con- 
sidered); 
V  =  maximum  vertical  shear,  in  pounds,  on  the 

section  considered; 
/  =  moment  of  inertia,  about  the  neutral  axis,  of 
the  entire  section,  derived  from  the  dimen- 
sions of  the  cross-section  in  inches; 
G  =  static  moment,  about  neutral  axis,  of  all  that 
part  of  section  outside  of  point  considered 
(that  is,  the  product  of  the  area  of  that 
part  of  the  section  and  the  distance  from 
its  center  of  gravity  to  the  neutral  axis). 
If  the  thickness  of  the  beam  is  denoted  by  /,  the  inten- 
sity Sx  of  longitudinal  shear,  per  square  inch,  is  equal  to 
5,'  -T-  /;  that  is. 

In  calculating  longitudinal  shear,  it  is  immaterial  whether 
the  vertical  shear  is  positive  or  negative,  as  only  the  numer- 
ical value  is  required. 

10.  Yariatioii  in  Shearing:  Stress. — As  the  vertical 
shear  Vv&  greater  near  the  end  than  at  the  center,  the  longi- 
tudinal shear  is  also  greater  at  the  end  than  at  the  center. 
Considering  a  vertical  section  of  the  beam,  V  and  /  are  con- 
stant for  that  section;  that  is,  they  do  not  vary,  no  matter 
what  part  of  the  section  is  considered;  G  decreases  as  the 
point  at  which  the  longitudinal  shear  is  desired  is  taken 
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farther  from  the  neutral  axis,  and  is  zero  at  the  outside  of 
the  section.  Therefore,  accordincf  to  formula  2,  Art.  9,  the 
maximum  intensity  of  longitudinal  shear  occurs  qlI  the  neutral 
axisy  near  the  end  of  the  span. 

11.  Web  Shear. — It  can  be  shown  that  the  intensity  of 
vertical  shearing:  stress  at  any  point  in  the  cross-section  of  a 
beam  is  equal  to  the  intensity  of  longfitudinal  shear  at  the 
same  point.  The  maximum  intensity  of  vertical  shear  at  any 
section  of  a  plate  girder  can  therefore  be  found  by  applying 

V  G 
the  formula  ^i=  — —  to  a  point  at  the  neutral  axis  of  the  sec- 
tion.   In  Art.  4,  it  was  fotmd  that  the  value  of  /  is  approxi- 
mately ^^-^  +  ^.    The  static  moment  G  is  the  sum  of 
2  16 

the  static  moment  of  the  area  A  of  one  flange  and  the 
static  moment  of  the  area  — .    The  distance  of  the  center 

of  gravity  of  A  from  the  neutral  axis  is  -^;  and,  therefore, 

the  static  moment  oi  AisAX-^-  The  distance  of  the  center 
of  gravity  of  the  area  of  one-half  the  web  from  the  neutral 

axis  is  -;  and,  therefore,  the  static  moment  of  that  area  is 

4 

t_h^h_tjt^ 
2    ^  4  ~    8 

Therefore,  G  =  —^  4-  — 

Substituting  in  formula  2,  Art.  9,  the  values  just  found 

for  /  and  G,  there  results 


V    2     ^16/ 


As  the  terms  — -  and  — —  are  small,  compared  to  Uie  other 
o  lb 

terms,  they  may  be  omitted  without  any  error  worth  consid- 
ering in  practice.     Formula  1  then  becomes 
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=  _--2_       X. 

^     2 
or,  approximately,  since  A,  is  very  nearly  equal  to  A, 

...-K        (2, 

The  product  ih  is  eqnal  to  the  area  of  cross-section  of  the 
web.  Formula  2  may»  therefore,  be  stated  in  the  form  of  a 
rule  as  follows: 

Bule. — To  find  the  maximum  intensity  of  shearing  stress  in 
the  web  of  a  plate  girder  at  any  section^  divide  the  maximum 
vertical  shear ^  in  pounds^  by  the  gross  area  of  cross-section  of  the 
web  in  square  inches, 

12«  Stiff eners. — In  Bridge  Members  and  Details,  it  was 
explained  that  a  flat  plate,  such  as  the  web  of  a  plate 
girder,  tends  to  buckle  when  subjected  to  a  shearing  stress, 
and  for  this  reason  it  is  stiffened  by  angles  riveted  to  the 
sides  of  the  plate.  The  holes  for  the  rivets  in  the  stiffeners 
decrease  the  cross-section  of  the  plate,  and  it  has  been  found 
in  practice  that  the  effective  or  net  section  through  such  a 
row  of  holes  is  very  nearly  75  per  cent,  of  the  gross  section. 
To  allow  for  the  decrease  in  section,  it  is  customary  to 
specify  that  the  intensity  of  shearing  stress  found  by  the 

formula  ^,  =  — -  at  any  point  shall  not  exceed  76  per  cent. 
th 

of  the  allowable  intensity  of  shearing  stress. 

ExAMPLB  1. — The  maximum  vertical  shear  at  a  given  section  of  a 
plate  girder  is  180,000  pounds,  and  the  area  of  cross-section  of  the  web 
is  30  square  inches.    What  is  the  maximum  intensity  of  shearing  stress? 

Solution. — In  this  case,  Vv&  180,000  lb.  and  th  is  30  sq.  in.  Sub- 
stituting in  formula  2,  Art.  11, 

St  »  180,000  -^  30  a  6,000  lb.  per  sq.  in.    Ans. 

ExAMPLB  2. — The  maximum  vertical  shear  at  a  given  section  of  a 
girder  is  240,000  pounds.  If  the  width  of  web  is  72  inches,  and  the 
clear  unsupported  distance  at  the  given  section  is  26  inches,  what 
thickness  must  be  used  in  order  that  the  intensity  of  shearing  stress 
shaU  not  exceed  the  values  given  in  Table  XXXVI? 
135—7 
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Solution.— In  an  example  of  this  kind,  which  is  common,  it  is 
necessary  to  assume  either  the  intensity  of  shearing:  stress  or  the  thick- 
ness of  web.  The  experienced  designer  can,  as  a  rule,  assume  the 
thickness  of  web  pretty  close  to  the  actual  thickness,  and  later  correct 
his  assumption.  In  the  present  case,  the  intensity  cannot  exceed 
9,000  lb.  per  sq.  in.  (see  Table  XXXVI);  therefore,  the  cross-section  of 
the  web  cannot  be  less  than  240,000  -r-  9,000  »  26.667  sq.  in.,  and  the 
thickness  cannot  be  less  than  this  divided  by  the  height,  or  26.667  -h  72 
=  .37  in.,  say  |  in.  The  area  of  cross-section  of  a  72"  X  f  plate  is 
27  sq.  in.;  then,  the  actual  intensity  of  shear,  if  a  f-in.  plate  is  used, 
will  be  240,000  ^  27  =  8,888  lb.  per  sq.  in.  Consulting  Table  XXXVI, 
it  is  found  that  the  allowable  intensity  of  shear  in  a  f-in.  plate  with 
an  unsupported  width  of  26  in.  is  4,600  lb.  per  sq.  in.  As  this  is  so 
much  less  than  the  actual  intensity,  a  thicker  plate  must  be  tried.  The 
difference  between  the  actual  and  the  allowable  intensity  being  so 
great,  the  next  thickness,  iV  in.,  will  not  be  considered,  but  a  plate 
^-in.  thick  will  be  tried. 

The  area  of  cross-section  of  a  72"  X  i^'  plate  is  36  sq.  in.;  then,  the 
actual  intensity  of  shear,  if  a  -J-in.  plate  is  used,  will  be  240,000  -f-  36 
=  6,667  lb.  per  sq.  in.  Consulting  Table  XXXVI,  it  is  found  that  the 
allowable  intensity  of  shear  is  6,400  lb.  per  sq.  in.  As  this  is  less  than 
the  actual  intensity,  a  thicker  plate  must  be  used.  The  next  thickness, 
that  is,  -^  in.,  will  be  tried.  The  area  of  cross-section  of  a 
72"  XtV'  piate  is  40.5  sq.  in.;  then,  the  actual  intensity  of  shear,  if  a 
T^-in.  plate  is  used,  will  be  240.000  -5-  40.5  =  5,930  lb.  per  sq.  in. 
Consulting  Table  XXXVI,  it  is  found  that  the 
allowable  intensity  of  shear  is  7,000  lb.  per  sq.  in.  As 
this  is  greater  than  the  actual  intensity,  the  assumed 
thickness  is  sufficient.  Therefore,  a  72"  X  iV'  plate 
may  be  used. 


13.  Pltcli  of  Flange  Rivets.— The 
longitudinal  shear  in  a  beam  of  solid  cross- 
section  is  resisted  by  the  shearing  strength 
of  the  material.  That  in  a  beam  built  up  of 
various  simple  rolled  sections  is  resisted  by 
the  rivets  that  hold  the  different  parts  together 
so  as  to  make  them  act  as  one  piece.  The 
longitudinal  shearing  stress  in  a  plate  girder 
tends  to  cause  the  flange  angles  to  slide  on 
the  web.  In  finding  this  stress,  it  is  custom- 
ary to  consider  a  section,  such  as  r  r,  Fig.  4, 


P^o.  4 


made  between  the  flange  angles  and  the  web;  this  section  cuts 
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only  the  rivets  that  connect  the  vertical  legs  of  the  flang:e 
ancfles  to  the  web.  The  lons:itudinal  shearing:  stress  on  the 
section  rr^  per  unit  of  lens:th,  is  found  by  the  formula  in  Art.  9, 

'■'=^ 

In  this  case,  G  is  simply  the  static  moment  of  the  flangfe 

A  h 
about  the  neutral  axis,  or  —^.    Substituting  this  value  for  G, 

and  tising  the  value  of  /  found  in  Art.  4,  the  formula  becomes 


16 

/La 

or,  neglecting  in  the  denominator  the  term  -— ,  which  is 

16 

Ah* 
very  small  compared  with  — ^, 


Ah;         h, 
2 
If  the  pitch  of  the  flange  rivets  is  p,  then,  since  the  longi- 
tudinal shear  per  unit  of  length  is  5/,  the  stress  A^  that  is 

transmitted  by  one  rivet  is  ^  j/,  or  /  X  — .     In  computing 
rivet  pitch,  AT  is  the  value  of  one  rivet.    We  have,  therefore, 

Ar  =  ^        (1) 

and  >  =  ^  (2) 

As  A,  does  not  materially  differ  from  the  distance  hr 
between  the  rivet  lines  in  the  vertical  legs  of  the  flange 
angles,  it  is  the  general  practice,  and  one  that  will  be  fol- 
lowed in  this  Course,  to  replace  h,  by  kr  in  the  preceding 
formulas.     Those  formulas  then  become 

A-^.^  (3) 

hr 

/  =  ^  (4) 
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The  distance  K  is  always  less  than  ^,,  and  so  formula  4 
s:ives  a  smaller  pitch  than  is  actually  required;  that  is»  the 
error  is  on  the  side  of  safety. 

ExAMPLB  1.— At  a  given  section  of  a  plate  girder,  the  maximum 
vertical  shear  is  72,000  pounds;  the  distance  between  the  rivet  lines  of 
the  flanges  is  27  inches;  and  the  pitch  of  the  flange  rivets  is  3  inches. 
How  much  stress  is  transmitted  by  each  rivet? 

SoLUTiON.—Substituting  the  given  values  in  formula  8, 
^^  3X72,000  ^gQ^^^     Ans. 

BxAiiPLB  2.— The  maximum  vertical  shear  at  a  given  section  of  a 
plate  girder  is  150,000  pounds;  the  value  of  a  flange  rivet  is  9,600 
pounds;  and  the  vertical  distance  between  the  rivet  lines  of  the  flanges 
is  37.6  inches.    What  is  the  required  pitch  of  the  rivets? 

Solution.— To  use  formula  4,  we  have  V  =  150,000  lb.,  Ar  «  37.6 in., 
and  K  »  9,600  lb.    Substituting  these  values  in  the  formula,  we  have 
^       9,600  X  37.6       «  ^  . 
P-      150,000      °^'^''^-    ^- 


EXAMPLES    FOR    PRACTICE 

1.  The  maximum  vertical  shear  at  a  given  section  of  a  girder  is 
240,000  pounds.  The  width  of  web  is  64  inches,  and  the  thickness  is 
-^  inch.    What  is  the  maximum  intensity  of  shearing  stress? 

Ans.  6,667  lb.  per  sq.  in. 

2.  The  maximum  vertical  shear  at  a  g^iven  section  of  a  girder  is 

100,000  pounds.    If   the  width   of  web  is  36  inches,  and   the  clear 

unsupported  distance  is  24  inches,  what  thickness  must  be  used  in 

12  000 
order  that  the  intensity  of  shearing  stress  shall  not  exceed ^—^ — ? 

^  3,000  r 
Ans.  \  in. 

3.  The  maximum  vertical  shear  at  a  given  section  of  a  plate  girder 
is  102,000  pounds;  the  distance  between  the  rivet  lines  of  the  flanges  is 
34  inches;  and  the  pitch  of  the  flange  rivets  is  2.6  inches.  How  much 
stress  is  transmitted  by  each  rivet?  Ans.  7,600  lb. 

4.  The  maximum  vertical  shear  at  a  given  section  of  a  plate  girder 
is  178,200  pounds;  the  value  of  a  flange  rivet  is  10,800  pounds;  and  the 
vertical  distance  between  the  rivet  lines  of  the  flanges  is  49.6  inches. 
What  is  the  required  pitch  of  rivets?  Ans.  3  in. 
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6EXEBAL    DEJillON 

14*     Deck  and  Half-TliroiiKh  Girder  Brtdf^es. — The 

design  of  a  plate  girder  requires  the  calculation  of  the  maxi- 
muDi  shears  and  moments  at  several  sections  along  the  girder. 

In  a  half-through  plate-girder  bridgei  the  load  is  applied 
to  the  girders  at  the  panel  points,  and  it  is  simply  necessary 
to  calculate  the  maxttnum  bending  moment  at  each  panel 
point,  and  the  maximum  shear  in  each  panel.  The  bending 
moment  may  be  assumed  to  vary  uniformly  between  panel 
points;  that  is,  the  part  of  the  moment  curve  between  two 
panel  points  may  be  assumed  to  be  straight.  The  shear  in 
each  panel  may  be  assumed  constant  between  panel  points; 
then,  the  intensity  of  the  shearing  stress  and  the  rivet  pitch 
will  be  constant  in  each  panel,  but  will  change  at  each  panel 
point 

In  a  deck  plate-girder  bridge,  the  load  is  applied  at  every 
point  throughout  the  length  of  the  girder,  and  it  is  necessary  to 
compute  the  maximum  moments  and  shears  at  several  sections 
along  the  girder;  for  convenience,  these  sections  are  usually 
taken  from  5  to  10  feet  apart.  From  the  values  so  found, 
the  intensity  of  the  shearing  stress,  the  rivet  pitch,  and  the 
required  flange  areas  at  the  different  sections  are  found  by 
means  of  the  formulas  already  given.  The  values  at  inter- 
mediate sections  can  then  be  found  by  means  of  a  curve 
similar  to  the  curve  of  flange  areas. 


15.     Girders  With  Carved  and  Inclined    Flang^es. 

The  same  formulas  are  used  for  girders  with  curved  or 
inclined  flanges  as  for  those  with  parallel  flanges.  As,  how- 
ever, the  height  of  the  girder  is  different  at  different  sections, 
the  width  of  the  web  k^  and  the  vertical  distance  //^  between 
the  centers  of  gravity  of  the  flanges,  must  be  calculated  at 
each  section  at  which  the  flange  area,  intensity  of  shearing 
stress,  or  rivet  pitch  is  required.  The  results  will  be  true  for 
the  borisontal  flange,  and  for  aU  practical  purposes  near 
enough  to  the  true  results  for  the  inclined  flange,  unless  the 
angle  between  the  inclined  flange  and  the  horizontal  is  greater 
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web-plates,  and  can  be  procured  in  sweater  lengths;  angles  also 
can  be  procured  in  great  lengths,  in  many  cases  as  long  as 
100  feet.  Owing  to  practical  difficulties  in  handling  long  slen- 
der pieces,  however,  it  is  usually  specified  that  all  flange  mem- 
bers shall  be  spliced  when  they  are  longer  than  about  70  feet. 

19.  Web  Splices. — The  different  portions  of  which  the 
web  is  composed  are  made  the  full  height  of  the  girder  and 
rectangular,  with  the  ends  at  right  angles  to  the  flanges. 
The  ends  of  two  consecutive  portions  are  placed  together  and 
covered  by  plates,  called  splice  plates,  on  each  side.  These 
plates  are  riveted  to  the  ends  of  the  portions  of  the  web  in  the 
manner  represented  in  Fig.  7  (a) ,  in  which  A  B  is  the  section  at 
which  the  web  is  spliced,  and  the  plate  CD  is  one  of  the  splice 
plates.  The  flange  angles  assist  somewhat  in  splicing  the  web, 
but  it  is  customary  to  ignore  their  effect,  and  to  design  the 
splice  on  the  assumption  that  the  web  is  spliced  entirely  by 
the  splice  plates,  and  to  make  the  splice  as  strong  as  the  web. 

If  the  splice  is  designed  to  resist  the  same  bending  moment 
as  the  web,  there  will  be  no  necessity  to  calculate  the  shear 
on  the  joint,  as  the  joint  will  always  be  strong  enough  in  shear. 
The  bending  moment  M  that  the  web  can  bear,  sometimes 
called  the  resisting^  moment,  is  given  by  the  formula 

^      si  16        stk* 

2 

/A* 

using  for  the  moment  of  inertia  the  approximate  value  ^-^ 

16 

(see  Art.  4).  If  ht  represents  the  height  and  ix  the  com- 
bined thickness  of  the  two  splice  plates,  one  on  each  side  of 

sth* 
the  web,  — ^-—^  represents  the  combined  resisting  moment  of 
o 

the  two  splice  plates.     In  order  that  they  may  have  the  same 

resisting  moment  as  the  web,  we  must  have 

^/.V  ^  sih\ 

8  8   ' 

whence  ^»  =  'ti 
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the  vertical  plates  and  secondary  angles  must  be  taken  into 
consideration. 

17.  The  vertical  plates,  as  well  as  the  main  flange  angles, 
are  continued  the  entire  length  of  the  girder;  the  secondary 
flange  angles  are  usually  stopped  where  they  are  no  longer 
required.  To  find  the  required  length  of  flange  members, 
the  curve  of  flange  areas  is  used  as  represented  in  Fig.  6. 


Z  Seoone^ry  /7a/t^9  An^/es 


JHan^e  Pfafe 


FiQ.  6 


F' 


iA: 


The  value  ^  is  first  laid  oflE  on  VO  K'  above  and  below  XOX^; 

then  the  area  of  the  two  vertical  flange  plates;  then  that  of 
the  two  main  flange  angles;  then  the  first  flange  plate;  then 
the  secondary  flange  angles;  and  then  the  remaining  flange 
plates,  in  order.  


SPLICES 


18«  lienfiTtlis  of  Members. — The  web  and  the  flange 
members  require  to  be  spliced  when  they  are  longer  than  the 
lengths  given  in  Table  V.  Web-plates  are  generally  made 
as  long  as  possible.    Flange  plates  are  made  narrower  than 
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axis.  The  resisting  moment  of  a  rivet  is  the  product  of  the 
stress  on  the  rivet  and  its  distance  from  the  neutral  axis,  as 
A'r,,  Kr  rn  K^  r„  etc.  Expressing  the  stress  on  each  rivet  in 
terms  of  K,  the  resisting  moments  of  the  rivets  are 

Kr.  =  ^^  K.r.  =  yr^  r.  =  ^^^,  K,r.  =  ^S  etc. 
r.  r.  r.  r. 

Therefore,  for  the  combined  resisting  moment  Mr  of  all 

the  rivets  on  one  side  of  the  splice,  we  have 

Mr  = 1 1 h  .  .  .  =  — V^o  4-  Ti  -hr,  -h  .  .   J 

r.  r.  r.  r. 

or,  denoting  by  2*  r*  the  sum  r.*  +  r»*  +  r,*  +  .  .   .  of  the 

squares  of  the  distances  r„  ri,  r„  etc., 

Mr^^Ir"  (1) 

r. 

It  should  be  clearly  understood  that,  in  applying  this 
formula,  the  distance  of  every  rivet  from  the  neutral  axis 
should  be  squared,  and  the  results  added.  When  several 
rivets  are  at  the  same  distance  from  the  neutral  axis,  as  is 
the  case  when  rivets  are  arranged  in  horizontal  rows,  or 
when  some  rivets  are  as  far  above  as  others  are  below  the 
neutral  axis,  the  work  is  much  simplified  by  squaring  that 
distance  and  multiplying  the  result  by  the  number  of  rivets 
to  which  the  distance  is  common.  Thus,  in  Fig.  7  (a),  each 
distance,  as  ri,  is  common  to  four  rivets,  two  above  and  two 
below  the  neutral  axis.     In  this  case, 

Sr"  =  4(ro'+r/  +  r.-  +  .  .  .) 

In  order  that  the  splice  rivets  may  have  sufficient  strength, 
the  value  of  Mr  must  be  at  least  as  great  as  the  resisting 
moment  of  the  web,  and  K  must  not  exceed  the  value  of  the 
outside  rivet.     We  must,  therefore,  have 

^X2V  =  ^  (2) 

ro  8 

In  applying  this  formula,  it  is  customary  to  assume  first  a 
spacing:  of  rivets  and  calculate  their  resisting  moment.  If 
the  value  is  not  sufficient,  more  rivets  are  added,  either  by 
spacing  the  rivets  closer  together,  or  by  adding,  another 
row  outside  of  the  first  two.  For  this  purpose,  the  arrange- 
ment represented   in   Fig.  8   is   frequently  employed,  the 
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advantage  being  that  most  of  the  rivets  are  near  the  fianges, 
where  the  value  of  the  resisting:  moment  is  greatest.  The 
thickness  of  these  plates  may  be 
found  by  means  of  the  formula 

/»  =  /  X  ~  (Art.  19),  substi- 

tuting  for  hx  the  sum  of  the 
heights  of  the  three  portions  of 
the  splice  plate;  the  thickness  on 
each  side,  however,  is  usually 
made  about  75  per  cent,  of  that 
of  the  web. 

Example  .—If  the  plate  girder 
represented  in  Pig.  8  has  a  web 
72  in.  X  i  in.,  spliced  with  ^-inch 
rivets  and  splice  plates  as  shown, 
what  is:  (a)' the  required  thickness 
of  splice  plates  on  each  side?  [b)  the 
resisting  moment  of  the  rivets  on  each  side  of  the  splice,  assuming 
the  value  of  a  rivet  to  be  9,600  pounds? 

SoLimoN. — (a)  As  the  splice  plates  are  made  up  of  three  parts  on 
each  side  of  the  web,  the  value 
Then,  since  /  is  .5  and  A  is  72  in., 
72* 


Pio.  8 


of  A,  is  14  -f  31^  -h  14  =  59.5  in. 


.6  X  1.46 


.73  in. 


for  both  sides,  or  .73  +  2  »  .365  in.  (say  i  in.)  for  each  side.    Ans. 

{b)    The  distances  of  the  rivets  from  the  neutral  axis  are  2,  6,  10, 
14,  \l\t  21,  24^,  and  28  in.,  respectively.    There  are  four  rivets  at  each 
of  the  first  four  distances,  and  eight  rivets  at  each  of  the  last  four. 
To  apply  formula  1,  we  have  K  b  9,600  lb.,  r  =  28  in.,  and 
2V  =.  4  X(2'  +  6«  +  10"  +  14-)+  8  X  (17.5-  +  21"  4-24.5-  -f  28-)  =  18,396 

Therefore, 

Mr  -  HF  X  18,396  =  6,307.200^n.-lb.    Ans. 

21.  Flange-Anfirle  Splices. — Flange  angles  are  spliced 
by  riveting  angles  to  them,  as  represented  in  Fig.  9.  In 
this  figure,  («)  is  the  elevation  of  a  portion  of  the  bottom 
flange,  (b)  is  the  cross-section  at  B  B,  and  {c)  is  the  plan  of 
the  flange  and  a  cross-section  at  CC,  The  angles  d  are  the 
flange  angles,  the  angles  e  are  the  splice  angles,  and  the  line  / 
is  the  section  at  which  the  flange  angle  is  spliced.    Practice 
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varies  as  to  the  method  of  designing:  a  flans:e-angle  splice. 
Some  engineers  use  one  splice  angle  riveted  to  the  flange 
angle  that  is  spliced;  this  is  open  to  the  objection  that  the 
splice  angle  must.be  very  long  in  order  to  get  sufficient 
rivets  to  develop  the  stress,  and  therefore  interferes  with 
other  details,  such  as  stiffeners.  Others  use  two  angles,  as 
in  Fig.  9,  and  assume  that  the  stress  in  the  flange  angle  is 
equally  divided  between  the  two.  On  account  of  the  fact 
that  the  angle  on  the  side  opposite  the  splice  gets  its  stress 
through  the  web  and  the  other  flange  angle,  it  is  probable 
that  the  angle  in  contact  with  the  flange  angle  that  is  spliced 
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gets  somewhat  more  than  one-half  the  stress.  The  assump- 
tion most  frequently  made  is  that  the  splice  angle  in  contact 
with  the  flange  angle  that  is  spliced  takes  three-quarters  of 
the  stress;  this  angle  is  designed  on  this  basis  to  have  a 
cross-section  three-quarters  that  of  the  flange  angle,  and 
made  long  enough  to  get  sufficient  rivets  on  each  side  of  the 
splice  to  transmit  three-quarters  of  the  stress.  The  other 
splice  angle  is  then  made  the  same  size  and  length.  If  Fa  is 
the  area  of  section  (net  area  for  tension,  gross  area  for  com- 
pression) of  one  flange  angle,  then  the  area  FJ  of  section  of 
each  splice  angle  is  given  by  the  formula 
FA'^nhFA  (1) 
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If  s  is  the  allowable  intensity  of  bending  stress,  the  total 
stress  in  the  fiancee  ancfle  is  FaS,  and  in  the  splice  angle, 
.75  Fa  s.  The  number  n  of  rivets  in  the  splice  angle  on  each 
side  of  the  splice  is  given  by  the  formula 

n  =  ^*  (2) 

in  which  IT  is  the  value  of  one  rivet.  Splice  angles  are  cut 
from  angles  having  legs  the  same  width  as  the  flange  angles, 
so  that  the  edges  of  splice  and  flange  angles  will  be  even, 
and  not  as  shown  by  dotted  lines  in  Fig.  9  {6).  The  area  of 
cross-section  of  such  an  angle  can  be  fotmd  by  deducting 
from  the  area  given  in  Tables  IX  and  X  for  the  original 
angle  the  amotmt  that  is  sheared  ofE. 

ExAMPLB. — The  flange  angles  in  the  tension  flange  of  a  plate  gir- 
der are  6  in.  X  6  in.  X  i  in.,  and  the  allowable  intensity  of  stress  is 
16,000  pounds  per  square  inch.  The  diameter  of  the  rivets  is  i  inch, 
(a)  What  size  of  splice  angle  must  be  used  if  the  angle  is  spliced  as 
represented  in  Fig.  9?  {6)  If  the  value  of  one  rivet  is  5,000  pounds, 
how  many  rivets  are  required  on  each  side  of  the  splice? 

Solution.— (fl)  The  area  of  a  6"  X  6"  X  i"  angle  is  5.75  sq.  in. 
As  we  are  considering  the  tension  flange,  the  net  section  is  required; 
as  there  are  two  rivet  holes  in  each  section,  and  the  area  of  a  hole  for 
a  l^-inch  rivet  is  .5  sq.  in.,  as  given  in  Table  XXVII,  the  net  section 
is  5.75  -  2  X  .5  =  4.75  sq.  in.  (=  Fa).  The  required  net  area  F^  of 
one  splice  angle  is,  then,  by  formula  1,  .75  X  4.75  =  3.56  sq.  in.  As 
the  flange  angle  is  ^  in.  thick,  ^  in.  must  be  sheared  off  each  leg  of 
each  splice  angle.  The  thinnest  &'  X  &'  angle,  which  is  f  in.  thick, 
will  be  tried  first.  The  area  of  this  angle,  as  given  in  Table  IX,  is 
4.36  sq.  in.;  if  ^  in.  is  cut  from  each  leg,  the  area  is  reduced  by 
2  X  .5  X  .375  a  .37  sq.  in. ,  nearly.  As  there  are  two  holes  in  each  angle, 
the  area  will  be  still  further  reduced  by  2  X  .375  =  .75  sq.  in.  Then, 
the  net  area  of  one  angle  5^  in.  X  5^  in.  X  |  in.  will  be  4.36  -  .37  -  .75 
=  3.24  sq.  in.  As  3.56  sq.  in.  is  required,  this  is  not  enough.  The 
next  size,  6  in.  X  6  in.  X  -fw  ^^-f  the  gross  area  of  which  is  5.06  sq.  in., 
will  be  tried.  If  ^  in.  is  sheared  from  each  leg,  the  area  is  reduced 
by  2  X  .5  X  .44  a  .44  sq.  in.  The  two  rivet  holes  still  further  reduce 
the  section  by  2  X  .44  *  .88  sq.  in.  Then,  the  net  area  of  one  angle 
6j  in.  X  H  in-  X  tV  in.  is  5.06  -  .88  -  .44  =  3.74  sq.  in.,  which  is 
sufficient.    Ans. 

{6)  The  total  stress  in  one  flange  angle  is  4.75  X  16,000  =  76,000  lb. , 
and  the  portion  to  be  transmitted  by  the  rivets  is  three-fourths  of  this. 
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or  57,000  lb.    Then,  the  required  number  of  rivets  is  57,000  •;-  5,000 
»  11.4,  or,  say,  12  rivets  on  each  side  of  the  splice. 

22.  Flansre-Plate  Splices. — Flange  plates  are  spliced 
either  by  additional  plates,  or  by  continuincf  the  outer  plates 
beyond  their  theoretical  ends  a  sufficient  distance  to  splice 
the  plates  below  them.  The  plates  nearest  the  flange  angles 
are  the  longest,  and  are  the  ones  that  require  to  be  spliced. 

23.  Additional  Splice  Plates. — In  the  first  method  of 
splicing,  the  joint  in  the  plate  that  is  to  be  spliced  is  usually 
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located  somewhere  near  the  center  of  the  girder,  as  repre- 
sented at  y,  Fig.  10,  and  a  splice  plate  ^  of  the  same  thick- 
ness as  the  flange  plate  is  riveted  to  the  outside  of  the  flange. 
The  splice  plate  is  made  long  enough  to  contain  sufficient 
rivets  on  each  side  of  the  joint  to  properly  transmit  the 
stress  from  one  part  of  the  flange  plate  to  the  other.  The 
number  of  rivets  that  is  required  to  transmit  the  stress  to  or 
from  the  splice  plate  can  be  found  by  dividing  the  stress  by 
the  value  of  one  rivet;  the  latter  will  usually  be  the  value  in 
single  shear.     When,  as  in  Fig.  10,  there  are  intermediate 
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plates  between  the  splice  plate  and  the  plate  that  is  spliced, 
there  is  some  uncertainty  as  to  how  the  stress  is  carried 
around  the  joint;  to  provide  for  this,  the  number  of  rivets  in 
the  splice  plate  is  increased  as  specified  in  Arts.  61  and  134 
of  B.  S.  In  the  present  case,  since  there  are  three  interme- 
diate plates,  the  niunber  of  rivets  will  be  increased  3  X  20 
=  60  per  cent.  Any  flange  plate  may  be  spliced  in  the 
same  way. 

24.  Continuing:  Outer  Plates. — In  the  second  method 
of  splicing,  the  location  of  the  joint  in  the  plate  that  is  to  be 
spliced  is  found  by  means  of  the  curve  of  flange  areas.  In 
Fig.  10,  the  curve  of  flange  areas  and  one-half  of  the  flange 
are  laid  out  to  the  same  horizontal  scale;  the  points  d,  c, 
and  b  are  the  theoretical  ends  of  the  three  outside  flange 
plates,  and  it  is  desired  to  splice  the  first  flange  plate.  The 
ordinate  OP  represents  the  flange  area  as  found  by  the 

formula^  =  —-(Art.  6),  and  (?/ represents  the  actual  area 
s  h, 

of  flange.  From  /,  IE  is  laid  off  to  scale  to  represent  the 
area  of  the  plate  that  is  to  be  spliced;  the  line  EE'  is  drawn 
parallel  to  X' OX  to  its  intersection  E  with  the  curve,  and 
the  line  E' e  is  drawn  perpendicular  to  X' OX,  Then,  e! E' 
represents  the  entire  area  of  flange,  exclusive  of  the  plate  a; 
that  is,  if  all  the  plates  are  carried  beyond  e,  the  first  plate  a 
can  be  spliced  at  that  section.  For  this  purpose,  the  outer 
plate,  instead  of  being  stopped  at  dy  is  carried  beyond  e,  as 
represented  by  the  dotted  lines.  As  there  is  no  stress  in  the 
first  flange  plate  a  at  the  section  ^,  and  there  is  full  stress  in 
the  outer  plate  </,  it  remains  to  find  how  many  rivets  must 
be  contained  in  the  plate  d  beyond  e,  in  order  to  transmit  its 
stress  to  a\  this  is  found  by  dividing  the  stress  in  the  out- 
side plate  by  the  value  of  one  rivet  in  single  shear.  In  the 
present  case,  as  there  are  two  plates  between  d  and  a,  the 
required  number  of  rivets  will  be  2  X  20  =  40  per  cent, 
greater  than  the  theoretical  number.  The  plate  d  will  be 
continued  to  a  point  d\  the  distance  ed*  being  made  such 
that  there  will  be  sufficient  room  for  the  required  number 
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of  rivets.    In  a  similar  manner,  any  flanfi:e  plate  may  be 
spliced. 

It  will  seldom  be  fomid  necessary  to  splice  any  flans:e 
plate  at  more  than  one  section,  nor  more  than  two  plates  in 
any  flange.  When  two  plates  must  be  spliced,  the  first  plate 
can  be  spliced  at  one  end  of  the  girder,  as  at  e.  Fig.  10,  and 
the  second  plate  at  a  corresponding  point  on  the  other  side 
of  the  center. 

Example.— Let  Fig.  10  represent  the  top  flange  of  a  plate  girder 
in  which  the  allowable  intensity  of  stress  is  16,000  pounds  per  square 
inch,  and  the  sizes  of  the  plates  are  as  follows:  a,  16  in.  X  i  in.; 
b,  16  in.  X  i  in.;  c,  16  in.  X  i^  in.;  and  d,  16  in.  X  |  in.  (a)  If  it  is 
desired  to  splice  plate  a  at  section  y,  what  is  the  required  size  of  the 
splice  plate  ^?  {Jb)  If  the  value  of  one  rivet  in  single  shear  is  6,600 
pounds,  how  many  rivets  must  be  -included  in  plate  ^?  (r)  If  it  is 
desired  to  splice  plate  a  at  section  ^,  how  many  rivets  must  be  included 
in  plate  d  between  e  and  d\  assuming  the  value  of  one  rivet  to  be 
6,600  pounds? 

Solution. — (a)  As  plate g  is  an  additional  splice  plate,  it  must  be  the 
same  size  as  the  plate  that  is  to  be  spliced,  that  is,  16  in.  X  -J^  in.    Ans. 

(^)  The  area  of  cross-section  of  plate  ^  is  8  sq.  in.,  and,  since  the 
intensity  of  stress  is  16,000  lb.  per  sq.  in.,  the  stress  in  plate  g  is 
8  X  16,000  =  128,000  lb.  As  the  value  of  one  rivet  in  single  shear 
is  6,600  lb.,  the  number  of  rivets  required  to  transmit  this  stress  to 
plate  g  is  128,000  -i-  6,600  =  19.4.  Since  there  are  three  intermediate 
plates  between  g  and  a,  the  number  must  be  increased  3  X  20  ==  60 
per  cent.  Then,  the  total  number  of  rivets  required  on  each  side  of/  is 
19.4  -h  iVt  X  19.4  =  31 

As  the  flange  rivets  in  the  plates  are  driven  in  pairs,  it  is  necessary 
to  have  32  rivets.    Ans. 

{c)  The  area  of  cross-section  of  plate  d  is  16  in.  X  f  in.  =  6  sq.  in.; 
and,  since  the  intensity  of  stress  is  16,000  lb.  per  sq.  in.,  the  stress  in 
plate  rf  is  6  X  16,000  =  96,000  lb.  As  the  value  of  one  rivet  is  6,600  lb., 
the  number  of  rivets  required  to  transmit  the  stress  to  the  plate  d  is 
96,000  ^  6,600  =  14.5  rivets.  Since  there  are  two  intermediate  plates 
between  d  and  a,  the  number  must  be  increased  2  X  20  =»  40  per  cent. 
Then,  the  total  number  of  rivets  required  in  plate  d  between  d*  and  e  is 
14.5  +  tV^  X  14.5  =  20.3 

As  this  is  so  close  to  20,  20  rivets  will  be  sufficient,  although  it  is 
better  to  use  22.    Ans. 

25.  Splices  in  Secondary  Flangre  Angrles  and  Verti- 
cal Flans^e  Plates. — Secondary  flange  angles  are  usually 
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spliced,  as  represented  in  Fig.  11,  by  means  of  one  splice 

angle  riveted  to  the 

inside  of   the  flange 

angle    and    a    splice 

plate  having  a  width 

about    the    same   as 

that   of    the   flange 

angle,  riveted  to  the 

back    of    the    latter. 

The  area  of  the  splice 

angle  is  made  about 

75  per  cent,  and  that 

of  the  splice  plate 

about  25  per  cent,  that  of  the  flange  angle,  the  area  of  the 

two  together  being 
not  less  than  the  area 
of  the  flange  angle. 

Vertical  splice 
plates  are  spliced, 
as  represented  in 
Fig.  12,  by  means  of 
one  vertical  splice 
plate  riveted  to  the 
vertical  legs  of  the 
flange  angles  on  the 
same  side  of  the  web 

as  the  vertical  plate  that  is  spliced.    The  area  of  the  splice 

plate  is  made  not  less  than  that  of  the  flange  plate. 
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EXAMPLES    FOB    PRACTICE 

1.  What  is  the  resisting  moment  of  a  36''X  \"  web,  if  the  maximum 
intensity  of  the  bending  stress  is  16,000  pounds  per  square  inch? 

Ans.  1,620,000  in.-lb. 

2.  If  the  web  represented  in  Fig.  7  is  70  inches  wide  and  -^^  inch 
thick,  what  is  the  required  thickness  of  splice  plate  on  each  side,  assu- 
ming the  height  to  be  57.5  inches?  Ans.  ^  in.  thick  on  each  side 

3.  If  the  rivets  in  Fig.  7  are  spaced  as  shown  at  the  left-hand  side, 
and  the  value  of  one  rivet  is  10,800  pounds,  what  is  the  resisting 
moment  of  the  rivets  in  the  splice?  Ans.  3,849,600  in.-lb. 
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4.  The  flange  angles  in  the  compression  flange  of  a  plate  girder  are 
8  in.  X  8  in.  xi  in.,  and  the  allowable  intensity  of  stress  is  16,000 
pounds  per  square  inch,  (a)  What  size  of  splice  angle  must  l>e  used? 
(d)  If  the  value  of  one  rivet  is  6,600  pounds,  how  many  rivets  are 
required  in  the  splice  angle? 

^^g  f  {a)  2  angles,  8  in.  X  8  in.  X  |  in.,  cut  to7i  in.  X  7-}-  in.  X  |  in. 
'  I  (d)  22  rivets  on  each  side  of  the  joint 

5.  (a)  If  the  vertical  flange  plate  in  Pig.  12  is  15  inches  wide  and 
i  inch  thick,  and  the  splice  plate  is  13  inches  wide,  what  is  the  required 
thickness  of  the  latter?  {d)  If  the  allowable  intensity  of  stress  is  16,000 
pounds  per  square  inch,  and  the  value  of  one  rivet  is  6,600  pounds, 
how  many  rivets  are  required  in  the  splice  plate? 

Ans/W  i  in.  thick 

'  I  id)  18  or  20  rivets  on  each  side  of  the  joint 


BEARINGS 

26.    size  of  Bedplates. — The  end  of  a  girder,  where 
the  girder  rests  on  the  masonry  or  other  support,  must  be 
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Strong  enough  to  resist  the  reactions.     The  required  area  of 
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bearmg,  if  the  girder  rests  on  masonry^  is  found  by  dividing 
the  maximum  reaction  by  the  allowable  intensity  of  bearing  on 
the  masonry.  For  example,  if  the  reaction  is  200,000  pounds, 
and  the  allowable  intensity  of  bearing  is  500  pounds  per 
square  inch,  the  required  area  of  bearing  is  200,000  -i-  500 
=  400  square  inches.  Bedplates  are  usually  made  rect- 
angular  and  very  nearly  square;  in  the  present  case,  each  will 
aeed  to  be  about  V400  =  20  indies 
on  each  side. 
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27,     End    Stirfeners.— The 

ends  of  plate  girders  are  stiffened 
by  stiffeners  at  each  end  of  the  bed- 
plates. The  arrangements  usually 
employed  arerepresentedin  Figs.  13, 
14,  and  15.  in  which  c,c  are  the  stif- 
ieners;  d,  the  sole  plates;  and  if,  the 
bedplates.  The  arrangement  rep- 
resented in  Fig.  13  is  most  used, 
although  that  shown  in  Fig.  14  is 
somewhat  better  on  account  of  the 
fact  that  in  it  the  bearing  of  the 

stiffeners   is   not   so   close  to   the       ___^ 

edge  of  the  bedplate;  the  pressure      l^o*  >li3*o  ^| 

is  therefore  more  evenly  distributed      " 

over  the  area  of  the  bedplate.     In 

the  arrangement  represented  in 

Fig,  15,  the  additional  stiffeners  r' 

are  added.     The  plates  g  are  called 

reloforcins  plates,  and  are  added  to  distribute  the  stress 

more  evenly  over  the  web* 

38«  Dlstrlbntlon  of  Heactlon. — The  reaction  is 
assnined  to  be  equally  divided  among  the  end  stiff eners, 
and  evenly  distributed  over  the  area  of  the  outstanding  legs 
of  the  stiffeners  where  they  bear  on  the  upper  side  of  the 
lower  flange  angle*     The  length  of  the  portion  of  a  stiff ener 

contact  with  the  lower  flange  angle  is  usually  about  i  inch 
ess  than  the  nominal  width  of  the  outstanding  leg.     If  t^  is 


p 


ir.'^i 


Pig.  IA 


32  DESIGN  OF  PLATE  GIRDERS  §75 

the  thickness  of  a  stiffener  ansfle;  b,  the  nominal  width  of  the 
outstanding:  leg;  and  j#,  the  allowable  intensity  of  bearing  on 
the  end  of  a  stiffener,  the  stress  that  one  stiffener  can  resist 
is  Z'  (*  —  i)j*.  If  ^  is  the  reaction  and  n  the  number  of  end 
stiffeners,  the  amount  of  pressure  that  is  transmitted  by 

each  stiffener  is  — ;  and,  in  order  that  the  stiffener  may  be 
n 

sufficiently  strong,  the  following  equation  must  be  satisfied: 
From  this  equation,  we  have 


nb^\)s,^^ 


i'^  ^ 


nsAb^iV 

from  which  the  required  thickness  of  the  stiffeners  can  be 
found.  The  nominal  width  of  leg  is  controlled  by  Arts.  55 
and  128  of  B.  S. 

29.  Rivets  and  Stiffeners. — The  stress  in  each  stif- 
fener is  transmitted  to  the  web  by  means  of  rivets.  The 
required  number  of  rivets  in  a  stiffener  can  be  found  by 

dividing  the  stress  in  one  stiffener  l  —  j  by  the  value  of  a 

rivet  in  single  shear,  or  in  bearing  on  the  angle;  or,  since 
the  same  rivets  connect  two  opposite  angles,  by  dividing  the 

stress  in  two  stiffeners  f j  by  the  value  of  a  rivet  in  double 

shear,  in  bearing  on  two  angles,  or  in  bearing  on  the  web, 
whichever  is  least.  In  practice,  it  is  considered  advisable 
to  transmit  the  greater  part  of  the  stress  in  the  stiffeners  to 
the  web  below  the  neutral  axis.  When  it  is  impossible  to 
get  sufficient  rivets  below  the  neutral  axis  in  four  stiffeners, 
as  in  Figs.  13  and  14,  more  stiffeners  are  used,  as  in  Fig.  15. 

30.  Crimped  Stiffeners. — Stiffeners  are  sometimes 
placed  in  contact  with  the  web,  and  the  ends  crimped;  that 
is,  bent  out  around  the  vertical  legs  of  the  flange  angles,  as 
represented  in  Fig.  13  (c).  This  arrangement  is  open  to  the 
objection  that  it  is  difficult  to  bend  the  angles  so  they  will  bear 
evenly  on  the  flange  angle,  especially  on  the  outstanding  leg. 
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31.  Iioose  Fillers. — The  best  practice  at  the  present 
time  is  to  make  the  stiffener  angles  strais:ht  from  top  to 
bottom,  and  fill  in  the  space  between  them  and  the  web  by 
means  of  bars  the  same  width  as  the  adjacent  leg  of  the 
stiffener  and  the  same  thickness  as  the  flange  angles,  as 
represented  in  Figs.  13  and  14.  These  bars  are  called  loose 
fillers;  they  simply  serve  to  fill  the  space  between  the  angle 
and  the  web.  The  number  of  rivets  required  to  connect  the 
stiffener  to  the  web  must  be  increased  20  per  cent,  when  this 
form  of  filler  is  used. 

32.  Relnforclngr  Plates  or  Tight  Fillers.— The  filler 
under  the  stiffeners  in  Fig.  15  is  continued  under  all  the 
angles,  and  riveted  to  the  web  by  rivets  located  outside  of 
the  stiffeners.  The  filler  is  then  called  a  tlgrht  filler,  or 
relnforclngr  plate;  it  distributes  the  stress  over  the  area 
of  the  web.  Such  a  plate  is  not  to  be  considered  an  inter- 
mediate plate,  but  rather  a  part  of  the  web,  as  it  is  firmly 
riveted  to  it,  and  in  calculating  the  bearing  value  of  the 
rivet  on  the  web  the  thickness  of  these  plates  must  be 
included. 

ExAMPLB  1. — The  maximnm  reaction  at  the  end  of  the  plate  girder 
represented  in  Fig.  13  is  135,000  pounds,  (a)  If  the  stififeners  are 
5  in.  X  Si  in.,  and  the  allowable  intensity  of  bearing  is  18.000  pounds 
per  square  inch,  what  is  the  required  thickness  of  the  stiffener  angles? 
(d)  If  the  value  of  one  rivet  in  single  shear  is  6,600  pounds,  in  bearing 
on  the  web,  10,800  pounds,  and  in  bearing  on  each  stififener  angle, 
8,400  pounds,  how  many  rivets  are  required  to  connect  the  stififeners 
to  the  web? 

Solution. — (a)  The  required  thickness  of  stiffeners  can  be  found 
by  the  formula  in  Art.  28, 

/., ^ 

«J*(*  -  a) 
In  the  present  case,  ^  »  135,000,  n  -  4,  st  -  18,000,  and  ^  =  6. 
Substitutiiv  these  values  in  the  formula  gives 

jr  —  _____! — ____  _   42  in,^  or  -f^  m.,  nearly.    Ans. 


•      4X18.000X4.5 

(6)    The  rivets  that,  connect  the  stiffeners  to  the  web  are  in  single 

shear  on  each  side  of  tho  wab,  and  in  bearing  on  the  -j^-inch  stiffener 

aogle.     Considering  first  the  stress  in  one  angle,  the  value  in  single 

shMT  is  evidently  less  than  the  value  in  bearing  on  the  iVi°ch  angle. 
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The  stress  in  each  stiffeoer  is  135,000  -i-  4  «  33,760  lb.,  and  the  requited 
number  of  rivets  is  33,750  -s-  6,000  «  5.1. 

Considering  now  the  stress  in  two  angles,  the  rivets  are  in  double 
shear  at  2  X  6,000  »  13,200  lb.;  in  bearing  on  two  iV-inch  angles,  at 
2  X  8,400  »  16,800  lb.;  and  in  bearing  on  the  web,  at  10,800  lb.  The 
latter  value  being  the  smallest,  and  the  stress  in  two  stiffeners  being 
135.000  4-  2  =  67,500  lb. ,  the  required  number  of  rivets  is  67,500  -s- 10,800 
»  6.25.  This  number  is  larger  than  that  first  found,  and  must  be 
used.  As  there  are  loose  fillers  (see  Art.  31),  the  aictual  number 
required  is 

^•25  +  tV^  X  6.25  =  7.5.  say,  8  rivets.    Ans. 

EzAMPLB  2. — The  maximum  reaction  at  the  end  of  the  plate  girder 
represented  in  Fig.  15  is  230.000  pounds;  the  thickness  of  web  is 
i  inch,  and  the  thickness  of  the  flange  angles  is  f  inch.  Using  the 
working  stresses  given  in  Art.  29  of  B,  5*.,  it  is  desired  to  find:  (a)  the 
required  thickness  of  stiffeners,  if  the  outstanding  leg  is  5  inches  wide; 
{d)  the  number  of  rivets  required  to  connect  the  stiffeners  to  the  web,  if 
l^-inch  rivets  are  used. 

Solution.— (a)  In  Art.  29  of  B.  5*..  the  allowable  intensity  of 
bearing  on  the  ends  of  stiffeners  is  given  as  18,000  lb.  per  sq.  in. 
Then,  since  /^  ■=  230,000.  n  =  8,  and  ^  »  5,  we  have,  applying  the 
formula  in  Art.  28, 

^  230,000  «__  a  •         A 

^  =  8^  18-000-XT5  =  -^^  ^^'  ^y»  *  ^°-    ^^- 

(b)  Considering  a  single  stiffener.  the  value  in  bearing  on  a 
f-inch  angle,  as  given  in  Table  XL.  is  7,220  lb.;  and  in  single  shear. 
6,600  lb.  The  latter  is  the  smaller.  The  stress  in  one  stiffener  is 
230,000  -^  8  =  28,750  lb.,  and  the  required  number  of  rivets  is 
28,750  -i-  6.600  =  4.4. 

Taking  two  stiffeners.  it  is  necessary  to  consider  the  value  of  the 
rivet  in  double  shear  at  13,230  lb.,  in  bearing  on  two  stiffeners  at 
14,440  lb.,  and  in  bearing  on  the  combined  thickness  of  web  and  two 
reinforcing  plates  Ij  in.  The  last  is  evidently  greater  than  either 
of  the  other  two  values;  the  value  in  double  shear  is  the  smallest, 
and  must  be  used.  Since  the  stress  in  two  stiffeners  is  twice  that  in 
one,  and  the  value  in  double  shear  is  twice  that  in  single  shear,  the 
number  of  nvets  will  be  the  same  as  in  the  first  case  considered,  that 
is,  4.4,  or,  say,  5  rivets  in  each  stiffener.     Ans. 

33.  Rocker  Bearings. — The  ends  of  spans  over  75  feet 
in  length  are  supported  on  rockers  and  supplied  at  one  end 
with  rollers,  as  explained  in  Bridge  Members  and  Details, 
When  it  is  necessary,  on  account  of  high  water,  to  keep 
the   bridge  seat  close  to  the   bottom  of   the   girders,  the 
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arrancfement  represented  in  Fig:.  16  is  used.  The  outstand- 
ioSf  legs  of  the  lower  flange  angles  are  cut  away  for  a  short 
distance  at  each  end  to  allow  the  lower  flange  to  enter 
between  the  vertical  plates  of  a  pedestal.    The  web  of  the 


Pio.  16 

girder  is  reinforced  at  the  end,  and  a  pin  is  passed  through 
the  pedestal  and  web;  the  pin  should  never  be  less  than 
6  inches  in  diameter.  The  design  of  the  pin,  pin  plates,  and 
pedestal  is  made  by  the  same  general  principles  that  apply 
to  pin-connected  trusses,  as  explained  in  another  Section. 


EXAMPLES    FOR    PRACTICE 

1.  If  the  maximum  reaction  at  the  end  of  the  plate  girder  repre- 
sented in  Fig.  13  is  157,000  pounds,  stiffeners  5  in.  X  3^  in.,  and 
allowahle  intensity  of  bearing  18,000  pounds  per  square  inch,  what  is 
the  required  thickness  of  the  stiffener  angles?  Ans.  ^  in. 

2.  If  in  example  1  the  value  of  a  rivet  in  single  shear  is  6,600 
pounds,  and  in  bearing  on  the  web  15,000  pounds,  how  many  rivets 
must  be  used  in  each  stiffener  to  transmit  the  stress  to  the  web? 

Ans.  6  rivets 

3.  If  the  maximum  reaction  at  the  end  of  the  plate  girder  repre- 
sented in  Pig.  15  is  275,000  pounds,  stiffeners  5  in.  X  3^  in.,  and 
allowable  intensity  of  bearing  18,000  pounds  per  square  inch,  what  is 
the  required  thickness  of  the  stiffener  angles?  Ans.  t^  in. 
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DESIGN    OF   AN    I-BEAM    HIGHWAY 
BRIDGE 

1.  Introduction. — In  this  and  in  the  following  Sections 
will  be  given  complete  designs  of  several  classes  and  types  of 
bridges.  The  designs  will  be  made  according  to  the  rules 
given  in  Bridge  Specifications  (a  title  that,  for  convenience, 
will  be  abbreviated  to  B.  S,).  These  examples  will  famil- 
iarize the  student  with  the  principles  involved  and  the 
methods  used,  which  he  can  without  any  difficulty  extend  to 
forms  and  conditions  not  specifically  covered  in  the  present 
instruction. 

2«  Data. — As  a  first  example,  an  I-beam  highway  bridge 
will  be  designed  from  the  data  given  in  the  data  sheet  on 
page  4.  The  words  in  Italics  are  supposed  to  have  been 
written  to  fill  out  the  general  form,  which  contains  only  the 
words  printed  in  Roman  type  (see  B,  S.,  Art.  226). 

3.  Determination  of  Span. — It  is  first  necessary  to 
determine  the  location  of  the  abutments.  According  to  B.  5*., 
Art.  18,  no  part  of  a  bridge  should  be  less  than  7  feet  from 
the  center  line  of  the  nearest  track,  nor  less  than  22  feet 
above  the  base  of  the  rail.  This  condition  applies  also  to 
abutments  and  underneath  clearance  lines  for  overhead 
bridges.  As  the  faces  of  abutments  are  usually  rough  and 
extend  sbmewhat  beyond  the  neat  lines,  it  is  well  to  locate 
the  neat  lines  at  the  base  of  the  rail  7  feet  6  inches  from  the 

O^frirkUd  k9  InUnmiitmmi  Turikook  Company,    EnUred  at  Sialsorurx'  //all,  London 
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center  line  of  the  track,  making:  them  (as  diere  are  two 
tracks  13  feet  center  to  center)  7  feet  6  inciies  -!- 13  feet 
+  7  feet  6  inches  ==  28  feet  apart.  The  faces  of  abutments 
are  sometimes  made  plumb  (vertical),  in  order  to  shorten 


& 


E^ 


Bi 


1 


:.z 


.z 


'^T 


J 


S- 


I 


...J_L... 


^ 


B 


IB 


the  span,  and  sometimes  battered,  according  to  the  judg- 
ment of  the  engineer.  In  the  present  case,  allowance  will 
be  made  for  a  batter  of  i  inch  per  foot  in  each  abutment; 
then,  the  distance  between  the  faces  will  increase  at  the  rate 
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of  i  +  i  =  1  inch  for  every  foot  above  the  base  of  the  rail» 

as  far  as  the  bottom  of  the  bridge  seat  or  copitig*     Bridge 

seat  stones  are  usually  made  from  12  inches  thick  for  short 

spans  to  24  inches,  and  in  some  cases  more,  for  long  spans. 

In  the  present  casei  a  thickness  of  16  inches  will  be  sufficient. 

Allowing  1  inch  for  the  thickness  of  the  sole  plate  and  1  inch 

for  the  bedplate  makes  the  distance  from  the  undemeath 

clearance  line  (the  bottom  of  the  I  beam)  to  the  bottom  of 

the  bridge  seat  16  +  1  +  1  =  18  inches,  and  the  distance 

from  the  base  of  the  rail  to  the  bottom  of  the  bridge  seat 

22  feet  —  1  foot  6  inches  =  20  feet  6  inches.     Then,  as  the 

distance  between  the  abutments   increases  1  inch  for  each 

foot,  it  will  increase  20i  inches,  or  1   foot  8i  inches,  in 

20  feet  6  inches,  and  the  distance  between  the  neat  lines 

under  the  bridge   seat  will  be  28  feet  +  1  foot  Si  inches 

=  29  feet  8i  inches,  as  represented  in  Fig*  1,  which  is  the 

briafire-seat  plan,  that  isi  the  drawing  of  the  bridge  seat. 

[it  will  be  noticed  that  here  the  word  pimt  Is  used  in  the 

sense  of   drawing  or   drawings ^  not  in  the  sense  of   a  top 

view-     In  reality,  the  drawings  in  Fig.  1  show  both  a  top 

view  {a)  and  a  cross-section  [b)J\ 

4.  For  a  span  of  this  length,  the  edge  of  the  bedplate 
sfcould  not  come  closer  than  3  or  4  inches  to  the  neat  line, 

^nd  should  not  be  set  much  farther  back  than  this,  as  it 

-'^ngthens  the   span.     In  the  present  case,  it   will  be   set 

"^^  }  inches  back  at  each  abutment,  making  the  clear  distance 

*^^^etween  bedplates  29  feet  %h  inches  +  4f  inches  +  4f  inches 

^^==  30  feet  6  inches.     Bedplates  are  seldom  made  less  than 

^^2  inches  in  length;  this  is  long  enough  for  this  span,  and 

^rnakes  the  total  length  of  I  beams  30  feet  6  inches  +  1  foot 

H-  1    foot  -  32  feet  6   inches,   and   the   distance  center  to 

^;enter  of  bedplates  (the  span)  31  feet  6  inches,  or  378  inches. 

"The  parapets  are  usually  set  3  inches  from  the  ends  of  the 

Iseams;  that  makes  them,  in  this  case,  33  feet  apart, 

5,  Deptti  and  Bpaclng  of  Beaius.^ — As  this  span  is  less 
than  35  feet,  rolled  beams  will  be  used.  According  to  B.  S., 
Art*  92,  they  cannot  be  less  than  378  -^  30  =  12.6  inches  in 
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GENERAL.  DATA 

For  bridge  nv#>r  Delaware^  Lackawanna^  &  WesUm  Railroad 
at Elmhursty  Pennsylvania 

Length  and  general  dimensions '^^  ^P^^  ^^^  ^^^^  ^^  ^^^ 

center  to  center 

Skew  or  angle  of  abutments  with  center  line  of  bridge_?^L_ 

Width  of  bridge  and  location  of  trusses  ^^  ^^^^  ^^^^^  width. 
No  trusses 

Floor  svQt^T"   ^^  layer  of  S-inch  oak  plank  on  nailing  pieces 

and  steel  beams 

Number  and  location  of  tracks /wy  tracks 

Loading ^r/.  98  (S)  Bridge  Specifications 

Description  of  flh.i>m>.nts  Cement-concrete  abutments 

Distance  from  floor  to  clearance  lino    Not  more  than  3  feet 

high  water 

low  water 


((      (( 


(<      (( 


river  bottom- 
Character  of  river  bottom 

Usual  season  for  floods 


Name  of  nearest  railroad  gtatinn    Elmhurst,  Pennsylvania, 

P.,  L.  and  W.  R.  R. 

Distance  to  nearest  railroad  station 2  miles 

Time  limit ^  months  from  date  of  award  of  contract 

Name  of  Engineer International  Textbook  Company 

Address  of  Engineer Scranton,  Pennsylvania 

Remarks   ^^  ^^^^  ^  tight  board  fence  at  each  side  at  least  5  feet 
6  inches  above  the  top  of  the  floor 
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depth.  Table  XIV*  shows  that  the  next  depth  of  beam  is 
15  inches.  In  finding  the  spacinsf  of  beams,  it  is  first  neces- 
sary to  determine  the  distance  between  the  outside  beams. 
In  the  present  case,  a  roadway  of  20  feet  between  wheel- 
pards  is  required;  the  fence  will  be  placed  6  inches  outside 
of  the  inner  edg^es  of  the  wheel-guards;  then,  the  clear  dis- 
tance between  the  fences  will  be  21  feet. 
A  tight  board  fence  is  specified  to  prevent 
injury  to  the  traffic  from  cinders  and 
sparks  from  the  locomotives  that  will  pass 
underneath* 

Fig.  2  shows  the  cross-section  of  a  good 
style  of  fence  and  connection  to  the  beams; 
the  posts  are  placed  5  or  6  feet  apart.  The 
outside  beam  is  usually  a  channel^  prefer- 


I 


■^£0-^    CUmit  fi^^^VUJf 


J  OaA  fl^wf  ^^/fk 


So.  kt^f  P/sce 


O      JQ        O        O        Q        Q        O 


-/^f- 


j.^- —  ^^^ 


PlO.2 


ably  of  the  same  depth  as  the  I  beams.  To  assist  in  keeping 
the  fence  in  place  and  preventing  it  from  being  blown  over, 
the  channel  may  be  connected  to  the  next  beam,  at  intervals  of 
about  10  feet,  by  means  of  the  diaphragm  shown  in  Fig.  2, 


*A11  tables  referred  to  in  this  Section  are  found  in  Bridge  Tables, 
unless  otherwise  stated. 
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This  may  be  made  of  the  lig^htest  material  allowed — ^in  this 
case,  as  the  bridg:e  is  over  a  railroad,  i  inch  thick  (B.  5*., 
Art.  112).  With  the  arrangement  represented  in  PifiT.  2, 
the  face  of  the  channel  is  89  inches  outside  of  the  edc^e  of 
the  wheel-sfuard,  making:  the  channels  20  feet  +  8i  inches 
+  Si  inches  =  21  feet  5  inches  from  face  to  face.  As  there 
will  be  one  layer  of  floor  planks  3  inches  thick,  the  beams 
cannot  be  more  than  3  feet  center  to  center  (B.S.^  Art.  123). 
Five  spaces  at  3  feet  makes  15  feet,  leaving:  21  feet  6  inches 
—  15  feet  =  6  feet  5  inches,  to  be  made  up  in  the  sides  of  the 
brids:e.  This  requires  the  face  of  each  channel  to  be  placed 
one-half  of  6  feet  5  inches,  or  3  feet  2i  inches,  from  the  center 
of  the  first  beam;  if  a  spiking:  piece  4  inches  wide  is  used  on 
the  channel,  its  center  will  be  just  3  feet  from  the  center  of  the 
next  beam.    This  spacing:  of  beams  will  satisfy  all  conditions. 

6,  liive  Load. — According:  to  B.  5.,  Arts.  98  (3)  and 
110,  the  live  load  should  be  ^tiher  80  pounds  per  square 
foot  or  a  steam  road  roller  acting:  on  each  beam  as  two 
concentrated  loads  of  5.000  pounds,  11  feet  apart.  For 
the  former,  as  the  beams  are  3  feet  apart,  the  load  per 
linear  foot  is  3  X  80  =  240  pounds.  The  maximum  bending: 
moment  occurs  at  the  center,  and,  as  the  span  is  31.5  feet,  is 
240  X  3L5  X  3L5  ^  29,770  foot-pounds 

The  maximum  bending:  moment  due  to  the  two  concentrated 
loads  occurs  under  one  of  the  loads  when  that  load  and  the 
center  of  g:ravity  of  the  two  loads  are  equidistant  from  the 
center  of  the  beam,  and,  as  explained  in  Stresses  in  Bridge 

Trusses,  Part  4,  is  equal  to  10>000  X  ^3  X  13  ^  53  ggQ  j^^^. 

31.5 
pounds  at  2.75  feet  from  the  center  of  the  span.  As  the 
bending:  moment  due  to  the  road  roller  is  the  greater,  it  is 
unnecessary  to  further  consider  that  due  to  the  uniform  load. 
The  shear  will  not  be  considered  in  this  example,  as  it  has 
been  found  in  practice  that,  in  all  ordinary  cases  in  bridg:e 
work,  an  I  beam  or  channel  that  is  strong:  enoug:h  to  resist 
the  bending:  moment  is  also  strong:  enoug:h  to  resist  the  shear. 
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The  bending  moment  on  the  channel  may  be  taken  equal  to 
one-half  that  on  the  I  beams,  or  53,650  -=-  2  =  26,820  foot- 
pouBds,  as  the  load  on  the  channel  is  practically  one-half  the 
load  DO  the  beam* 

7.  Deaa  lH3ad. — As  4*5  potmds  per  board  foot,  the 
weight  stated  in  B.  S.,  An,  97,  is  rather  high  for  the  timber 
used  in  bridge  floors,  we  sbaJl  assume  it  to  include  the 
weight  of  the  spikes  that  hold  the  floor  down,  and  the  bolts 
that  hold  the  spiking  pieces  to  the  beams.  As  the  floor 
plank  is  3  inches  thkk,  its  weight  is  3  X  4*5  ^  13.5  pounds 
per  square  foot,  or,  since  the  beams  are  3  feet  apart, 
3  X  13.5  —  40,5  pound  per  linear  foot  of  beam.  The 
floor  plank  will  be  fastened  down  by  spiking  it  to  wooden 
nailing  pieces  2  to  6  inches  thick  that  are  bolted  to  the  tops 
of  the  I  beams  (see  B»  S.,  Art,  122),  In  order  to  prevent 
water  from  standing  on  the  floor,  as  it  would  do  if  the  floor 
were  level,  it  is  customary  to  make  the  floor  a  little  higher 
at  the  center  of  the  span  than  at  the  ends;  this  is  done  by 
varying  the  depth  of  the  nailing  pieces^  In  the  present  case, 
the  nailing  pieces  will  be  made  2  inches  deep  at  the  ends  of 
the  span  and  4  inches  deep  at  the  center.  As  the  top  of  the 
aatliog  piece  will  be  curved,  its  average  depth  will  be  about 
3f  inches.  Its  width  should  be  at  least  equal  to  the  flange 
of  the  beam;  it  will  be  assumed  that  6  inches  is  sufHcieot, 
The  average  cross-seation  is  then  Hi  in.  X  6  in<,  equivalent 
to  ll  board  feet;  this  makes  the  weight  per  linear  foot 
1,75  X  4,5  —  7.9  pounds*  The  total  weight  of  timber  sup- 
ported by  each  beam  is,  then,  very  nearly  40.5  +  7.9  ^  48.4 
pounds  per  linear  foot.  As  the  maximum  bending  moment 
dtie  to  the  live  load  occurs  2J5  feet  from  the  center,  or  13 
feci  from  the  end  of  the  span,  it  is  necessary  to  find  the 
dead-load  bending  moment  at  that  point.  For  the  floor 
plaok  and  nailing  pieces,  it  is 

48.4  X  3L5  ^  13  _  (^g  4  ^^  jg)  ^  y  =  5,820  foot-pounds 

for  each   beam,    and    approximately   one-half    of    this,    or 
2,^910  fool-potmda,  for  each  channel. 
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8.  There  is  still  to  be  considered  the  bendinc:  motnent 
due  to  the  weight  of  the  diaphracrms  represented  in  Fie:.  2. 
The  distance  from  the  center  of  the  I  beam  to  the  back  of 
the  channel  is  3  feet  2i  inches;  the  diaphrasfm  will  be  about 
3  feet  li  inches  long;,  and,  if  15-inch  beams  are  used,  about 
12  inches  deep.  Then,  as  the  weight  of  a  12"  X  i  "  plate  is 
15.3  pounds  per  linear  foot,  the  weight  of  3  feet  li  inches 
is  15.3  X  3.125  =  47.8  pounds.  The  total  length  of  angle 
is  3  feet  li  inches  +  3  feet  1  finches  +  12 inches  +  12  inches 
=  8  feet  3  inches,  or  8.25  feet.  As  the  weight  of  a  2J"  X  2}^' 
X  F'  angle  is  5.9  pounds  per  linear  foot,  the  total  weight  of 
angles  is  5.9  X  8.25  =  48.7  pounds.  In  Fig.  2,  it  may  be  seen 
that  there  are  thirty  f-inch  rivets  in  one  diaphragm,  and  the 
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weight  of  their  heads  must  be  found.  Table  XXI  gives 
8.5  pounds  for  the  weight  of  one  hundred  rivet  heads  for 
1-inch  rivets;  then,  the  weight  of  sixty  rivet  heads  will  be 
T%  X  8.5  =  5.10  pounds.  The  weight  of  one  diaphragm  is, 
therefore,  47.8  4-  48.7  4-  5.1  =  101.6  pounds.  Using  four 
of  these  placed  symmetrically  on  the  span  at  distances  of 
about  10  feet,  as  shown  in  Fig.  3,  the  bending  moment  on 
the  I  beam  and  on  the  channel  due  to  them  is»  since  half  of 
each  goes  to  one  beam, 


101.6  X  10.75  - 


101.6 


X  10  =  580  foot-pounds 


The  bending  moments  due  to  the  weight  of  the  beams  and 
channels  cannot  be  found  until  their  weights  are  known.  It 
is  well  to  assume  some  value,  however,  and,  if  necessary, 
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correct  it  later.  An  experienced  desis^ner  will  come  very 
close  the  first  time.  It  has  been  shown  that  the  depth 
cannot  be  less  than  16  inches;  we  shall  use  the  weig:ht  of 
the  lightest  15-inch  beam  and  channel,  42  and  33  pounds  per 
linear  foot,  respectively,  as  s^iven  in  Tables  XIII  and  XIV. 
For  the  I  beams,  the  bending:  moment  at  the  point  of  maxi- 
mum moment,  2.75  feet  from  the  center,  is 

^^  ^^^'^  X  13  -  (42  X  18)  X  ¥  =  5,050  foot-pounds 

And  for  the  channel, 

^  ^-^^-^  X  13  -  (33  X  13)  X  V  =  3,970  foot-ponnds 

The  guard  timber  and  fence  will  be  found  to  weig:h  very 
nearly  45  potmds  per  linear  foot,  and,  as  this  weight  is 
almost  all  carried  by  the  channel,  the  moment  on  the  channel 
due  to  it  is 

^^  ^^^'^  X  13  -  46  X  18  X  V  =  5,410  foot-pounds 

The  total  maximum  bending  moment  on  an  I  beam  is, 
then,  58,650  +  5,820  +  580  +  5,050  =  65,100  foot-pounds,  or 
781,200  inch-pounds. 

The  total  maximum  bending  moment  on  a  channel  is 
26.820  +  2,910  -h  580  +  3,970  +  5,410  =  39,690  foot-pounds, 
or  476,300  inch-pounds. 

9.  Allowable  Workln^r  Stress. — The  allowable  inten- 
sity of  stress  given  in  ^.  5.,  Art.  103,  for  the  compression 

flange  is  20,000  —  200  X  — .    It  is  not  considered  good  prac- 

w 

lice  to  assume  that  a  wooden  floor  gives  lateral   support 

to  the   top  flanges  of  the   I  beams;    so,  if  no  bracing  is 

placed  between  the  beams,  the  unsupported  length  will  be 

31.5  X  12  B  378  inches.     Suppose  that  a  15-inch  beam  were 

used,  then,  as  the  flange  is  about  5.5  inches  wide,  the  ratio 

/  378 

—  would  be  -=-=•  =  68.7,  and  the  allowable  intensity  of  stress 

w  5.5 

would  be  20,000  -  200  X  68.7  =  6,260  pounds  per  square 

inch.     If,  however,   small   struts   are   placed  between  the 

beams  near  the  top  flanges,  in  the  same  relative  positions 

135—9 
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as  the  diaphragms  ah-eady  referred  to,   the  tuist 
lengths  may  be  taken  as  10  feet,  or  120  inches, 
allowable  intensity  of  stress  for  the  I  beam  will 

20,000  -  200  X  ^  =  15,640  pomids 
5.0 

In  general,  when  the  ratio  ~  exceeds  40,  the  top 

w 

should  be  supported  laterally. 

As   the    bending    moment   is   781,200    inch-pom 

required  value  of  the  section  modulus  is  781,200  - 

=  49.95.     Consulting  Table  XIV,  it  is  found  that  the 

.16-inch  beam — that  is,  a  15-inch  42-pound  beam — ha 

tion  modulus  of  58.9.    This  beam,  therefore,  can  ; 

be  used. 

10.  Assuming  that  the  lightest  15-inch  channel 
for  which  the  flange  is  3.4  inche^i  wide,  the  allowable  i 
of  stress  is 

20,000  -  200  X  ^  =  12,940  pounds  per  square 
3.4 

Then,  as  the  maximum  bending  moment  is  476,3 

pounds,    the    required    value    of    the    section    mo< 

476,300  ^  12,940  =  36.81.    Consulting  Table  XIII,  it 

that  a  15-inch  33-pound  channel  has  a  section  modulus 

and  so  this  will  be  used. 

11.  The  bracing  angles  will  add  a  little  to  the  di 
on  the  I  beams;  but,  as  the  section  modulus  of  the 
42-pound  I  beam  is  larger  than  required,  it  is  not  n< 
to  consider  the  effect  of  those  angles. 

Note.— In  case  the  required  value  of  the  section  modulus  1 
out  larger  than  that  corresponding  to  the  assumed  size  of  t 
it  would  have  been  necessary  to  revise  the  design.  Suppos 
had  come  out  86.0.  Then,  if  a  15-inch  beam  were  used,  it 
necessary  to  use  a  15-inch  70-pound  beam,  for  which  the  sccti< 
lus  is  88.5;  the  same  strength  could  be  had,  however,  by 
18-inch  55-pound  beam,  for  which  the  section  modulus  is  88.4 
getting  the  same  strength  with  a  lighter  beam.  It  would 
necessary  to  recompute  the  bending  moment  and  allowable 
of  stress  for  the  18-inch  beam. 

12.  Depth  of  Floor. — The  distance  from  the  c! 
line  and  from  the  top  of  the  bridge  seat  to  the  to] 
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floor  can  now  be  found.  The  vertical  distances  at  the  center 
of  the  span  are  3  inches  of  plank,  4  inches  of  nailing:  strip, 
and  15  inches  for  the  I  beams  and  channels,  making:  22  inches 
for  the  depth  of  floor  at  the  center,  as  represented  in 
Pig:.  1  it).  In  Art.  3,  2  inches  was  allowed  for  sole  plates 
and  bedplates  under  the  beams;  the  bridg:e  seat  is,  therefore, 
24  inches  below  the  floor  at  the  center  of  the  span,  and,  since 
the  nailing:  pieces  are  2  inches  deep  at  the  ends,  the  bridg:e 
seat  is  22  inches  below  the  floor  at  the  ends.  If  the  tops  of 
the  parapets  a,  a,  Fig:.  1  (d),  are  made  level  with  the  floor, 
they  must  be  22  inches  his:h. 

13.  General  Plan  or  Detail  Drawingrs. — Fig:.  4  is  a 
detail  drawing:  of  the  bridg:e  that  has  just  been  desig:ned, 
and  g:ives  all  the  information  necessary  for  its  manufacture. 
It  is  customary,  in  drawing:  the  plan  and  elevation,  to 
show  a  portion  of  the  floor  and  fence  in  its  finished  condi- 
tion, as  at  (a)  and  {d),  and  the  remainder  with  the  floor  and 
fence  removed,  as  at  {c)  and  (</).  One  end  of  a  channel 
and  several  beams  are  usually  shown  with  the  top  flang:e  cut 
away,  in  order  to  show  the  detail  of  the  connection  of  the 
beams  to  the  sole  plates.  The  diaphrag:ms,  sometimes  called 
frames,  are  marked  /s,  and  the  cross-struts,  which  also  are 
called  frames,  are  marked  Ft.  Frames  of  both  kinds  are 
shown  to  a  larg:er  scale  at  (/)  and  (^). 

The  holes  for  the  anchor  bolts  at  one  end  are  made  circu- 
lar and  i  inch  larg^er  in  diameter  than  the  bolts;  at  the  other 
end,  they  are  made  li  inches  wide  and  li  inches  long:, 
allowing:  i  inch  for  expansion  and  contraction. 

In  a  bridg:e  of  this  size,  the  diaphrag:ms  or  frames  are 
sometimes  bolted  instead  of  riveted  to  the  beams,  to  avoid 
the  expense  of  setting  up  a  riveting:  plant  for  so  small  a 
number  of  rivets. 
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DESIGN  OF  AN  I-BEAM  BAILROAD 
BRIDGE 

14.    Data. — An   I-beam   railroad   bridsfe   will   now   be 
designed  from  the  data  given  on  page  13. 


"J 
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^CenferLme^  ^  Tr0Cf^ 


f  Center  Lhm  ^f  Tr^fcA 
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15.     Determination  of  Span. — The  distance  between 
neat  lines  under  bridge  seats  is  20  feet.     If  the  bearing 
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GENERAL    DATA 

For  bridge  over /r^^ A  Creek 

^^ Redlands,  California 

Length  and  general  dimensions ^^  feet  between  neat  lines 

under  bridge  seats 

Skew  or  angle  of  abutments  with  center  line  of  bridge-:?^ — 
Width  of  bridge  and  location  of  trusses ^^  ^^'g^,,  _  _ 

Floor  gyfstpm    Standard  tie-floor  on  steel  stringers  or  I  beams 
Number  and  location  of  trarV^  2  tracks  13  feet  center  to  center 
T.r>aHing     Cooper's  E50,  as  represented  in  Bridge  Specifications, 
Art.  24 

Description  of  abutments CemenUoncrete 


Distance  from  floor  to  clearance  line jV^/  greater  than 

distance  to  high  water 

Distance  from  floor  to  high  water ?_^^ 


low  water HJ^L 

river  bottom J5  fee_t_ 


Character  of  river  rv^tfnm  2  feet  gravel,  3  f.et  shale,  then  solid 

rock  20  feet  below  base  of  rail 

Usual  season  for  floods ^/rz7  and  Afay 

Name  of  nearest  railroad  statinn        Redlands,  California 


Diqfanne  to  nearest  railroad  statinn                     ^  mtles 

TimA  limit                                         ^0  days 

Nfltni*  of  Rngineer                             Henry  Jones 

AHilr^cc     Berkeley,  California 

Rf'mark^ 
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plates  are  made  12  inches  wide,  and  set  so  that  their  ed^fes 
are  6  inches  back  of  the  neat  line,  the  total  leng^th  of  the 
beams  will  be  20  feet  -h  1  foot  6  inches  +  1  foot  6  inches 
=  23  feet;  and  the  distance  center  to  center  of  bearing^s  (the 
span),  1  foot  less,  or  22  feet.  If  3  inches  is  left  at  each  end, 
the  parapets  will  be  23  feet  6  inches  apart.  The  bridge 
seats  will  be  made  1  foot  6  inches  thick.  The  bridge-seat 
plan  is  represented  in  Fig.  5.  The  distance  from  the  base 
of  the  rail  to  the  top  of  the  bridge  seat  cannot  be  found 
until  after  the  bridge  is  designed.  The  top  of  the  parapet  is 
made  7i  inches  below  the  base  of  the  rail. 

16,  Deptli  and  Spaclnsr  of  Beams. — The  depth  and 
the  spacing  of  beams  depend  on  the  maximum  bending 
moment  and  required  value  of  the  section  modulus.  It  is 
considered  better  practice  to  place  two  beams  under  each 
rail  than  one;  where  necessary,  three  are  used.  The  beams 
under  each  rail  are  bolted  together  and  made  to  act  as  one 
by  means  of  cast-iron  separators  or  spacers,  as  illustrated 
in  Table  XV;  these  are  located  about  5  or  6  feet  apart 
along  the  beams,  but  are  not  to  be  assumed  as  support- 
ing the  top  flanges  laterally.  Lateral  support  is  furnished 
by  lateral  bracing  so  arranged  that  the  ratio  of  unsupported 
length  to  width  of  flange  shall  not  exceed  12  (see  B.  5., 
Art.  87). 

17,  Live  Load. — The  live  load  is  represented  in  Fig.  3 
of  B.  S.  By  applying  the  conditions  for  maximum  moment, 
it  is  found  that  it  occurs  when  there  are  four  driving  axles 
on  the  span,  under  the  second  (or  third)  driver  when  that 
driver  is  L25  feet  from  the  center  of  the  span,  and  is  equal  to 
4  X  50,000  X  9.75  X  9.75  _  ^q  qqq  ^  g  ^  614,200  foot-pounds. 

18,  Impact  and  Vibration. — The  formula  for  impact 
and  vibration  is  /  =      ^^      X  5  {B.  5.,  Art.  26).     In  this 

case,  as  the  moment  is  required,  the  value  of  the  moment 
found  in  the  last  article  should  be  substituted  for  S;  and,  as 
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the  entire  span  must  be  loaded  in  order  to  produce  the 
maximum  moment,  L  =  22.    Therefore, 

/  =  ^^^  X  614,200  =  572,200  foot-pounds 

19.  Dead  lioad. — The  weight  w  per  linear  foot  of 
I-beam  bridges  of  this  class  is  given  very  closely  by  the 
formula  w  =  25/  (B.  5.,  Art.  242).  In  this  case,  /  =  22, 
and,  therefore,  ze^  =  25  X  22  =  550  pounds  per  linear  foot. 
Tbe  weight  of  track  can  be  taken  as  400  pounds  per  linear 
foot  {B,  5*.,  Art.  23).  The  maximum  live-load  moment 
occurs  very  near  the  center  of  the  span,  and  it  will  be  suffi- 
ciently accurate  to  find  the  dead-load  moment  at  the  center, 
which  is 

(650  +  4(X»x22x22  ^  ^^  ^  foot-pounds 

20.  wind  liOad. — It  is  unnecessary  to  compute  the 
stresses  in  the  laterals  of  I-beam  bridges.  If  the  smallest- 
sized  angle  allowed  is  used — in  this  case,  Z\  in.  X  ^\  in.  X  I  in. 
— it  is  sufficiently  strong  to  resist  any  wind  stresses.  Accord- 
ing to  B.  S.,  Art.  27,  the  wind  pressure  on  the  train  is 
300  pounds  per  linear  foot,  applied  7  feet  above  the  top  of 
the  rail.  Ordinarily,  the  lateral  system  will  be  about  2  feet 
below  the  top  of  the  rail,  or  about  9  feet  below  the  center  of 
wind  pressure.  Then,,  as  the  beams  will  be  placed  6  feet 
6  inches  center  to  center,  the  additional  load  on  the  leeward 
beams  (as  explained  in  Stresses  in  Bridge  Trusses,  Part  5) 

300  X  9 
will  be  — ^     =  415  pounds  per  linear  foot,  and  the  bend- 
6.5 

ing  moment  at  the  center  due  to  it  will  be 

^^5Xf  X^^  =  25.100  foot-pounds 

As  this  is  so  small,  it  is  sometimes  neglected.  In  the 
present  case,  it  is  less  than  2  per  cent,  of  the  total  moment, 
but,  there  being  no  reason  why  it  should  not  be  considered, 
it  will  be  taken  into  account. 

21.  Total  Moment. — The  total  moment  is  equal  to  the 
sum  of  the  several  moments  just  found,  and  is  as  follows: 


16 


DESIGN  OF  PLATE  GIRDERS 


§76 


614,200  +  572.200  +  57.500  +  25,100  «  1,269,000  foot-pounds 
=  15,228.000  inch-pounds. 

22.  Section  Modulas. — As  it  is  required  that  the 
flang:es  shall  be  supported  laterally,  the  full  value  of  16,000 
pounds  per  square  inch  can  be  used  for  the  allowable  intensity 
of  stress,  since  the  ratio  of  width  to  unsupported  lens^th  will 
be  less  than  20  (see  B.  5.,  Art.  29).  Then,  the  required 
value  of  section  modulus  is  15,228,000  -^  16,000  =  951.75. 

If  four  beams  are  used  (two  under  each  rail),  the  required 
value  of  the  section  modulus  for  each  will  be  951.75  -h  4 
=  237.94.  Consulting:  Table  XIV,  it  is  found  that  the 
heaviest  I  beam  made  has  a  section  modulus  of^  198.4,  which 
is  not  enough.  Therefore,  more  beams  must  be  used.  If 
six  beams  are  used  (three  under  each  rail),  the  required 
value  of  the  section  modulus  for  each -will  be  951.75 -r- 6 
=  158.62.  Consulting  Table- XIV,  it  is  found  that  a  20-inch 
95-pound  I  beam  has  a  section  modulus  of  160.7,  and  a 
24-inch  80-pound  I  beam  has  a  section  modulus  of  174.  If 
it  were  necessary  to  keep  the  distance  from  the  base  of  the 
rail  to  the  underneath  clearance  line  as  small  as  possible, 
the  20-inch  beams  would  be  used.  In  the  present  case,  as 
there  are  practically  no  restrictions,  the  24-inch  beams  will 
be  used,  as  they  are  lighter  and  therefore  more  economical. 
On  account  of  their  larger  value  of  section  modulus,  the 
24-inch  beams  are  also  stronger  than  the  20-inch  beams. 


Fig.  6 


23.    Depth  of  Bridj^e.— In  B.  5.,  Art.  48,  it  is  sUted 
that  standard  ties  are  framed  to  7i  inches  in  depth  over 


I 
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stringers  and  girders  6  feet  6  inches  center  to  center. 
Then,  the  distance  from  the  base  of  rail  to  the  underneath 
clearance  line,  as  represented  in  cross-section  in  Fig.  6,  is 
7i  inches  +  24  inches  =  2  feet  7i  inches.  Allowing  1  inch 
for  the  sole  plate  and  1  inch  for  the  bedplate  gives  2  feet 
9i  inches  from  the  base  of  the  rail  to  the  top  of  the  bridge 
seat,  as  represented  in  Fig.  5. 

24.  Flan. — Fig.  7  is  a  detail  drawing  of  the  bridge  that 
has  just  been  designed,  and  shows  the  customary  method  of 
arranging  the  lateral  system.  The  lateral  angles  are  con- 
nected to  plates  that  are  riveted  to  angles  attached  to  the 
inside  beams.  The  lateral  truss  is  placed  as  high  as  is  pos- 
sible without  interfering  with  the  top  flanges  of  the  beams. 
The  two  sets  of  I  beams  ^are  connected  near  the  ends  by 
diaphragms  or  frames,  and  at  the  panel  points  of  the  lateral 
truss  by  means  of  single  angles.  It  is  customary  to  show 
the  top  view  of  the  I  beams,  and  to  consider  a  portion  of  the 
top  flange  removed  at  each  lateral  connection  and  at  the  end 
of  one  set  of  beamsj  in  order  to  show  more  clearly  the  detail 
of  the  connection  of  the  laterals  to  the  beam  and  of  the  sole 
plates  to  the  lower  flanges. 

For  I-beam  bridges  longer  than  about  18  feet,  three  panels 
are  used  in  the  lateral  systems;  for  shorter  bridges,  two 
panels  are  employed.  The  panels  are  usually  made  equal. 
In  locating  the  rivets  in  the  lateral  connection  plates,  great 
care  must  be  taken  that  the  different  angles  connecting  to 
the  plate  do  not  interfere  with  one  another.  It  is  well  to  lay 
out  each  connection  plate  on  a  large  sheet  full  or  half  size 
and  draw  each  angle  in  its  proper  position,  leaving  about 
i  inch  clearance  between  the  different  angles  that  come  close 
together. 

The  process  of  laying  out  the  lateral  system  is  frequently 
perplexing  to  a  beginner,  but  is  very  simple  after  a  little 
experience  has  been  had.  The  different  steps  will  be  briefly 
outlined.  The  end  frames  are  first  located  near  the  ends 
in  such  a  position  that  they  will  not  interfere  with  the  anchor 
bolts  nor  with  the  rivets  that  connect  the  sole  plates  to  the 
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beams.     This  can  be  done  by  locatingr  the  frames  about 

1  inch  from  the  sole  plates.  In  Figr.  7,  the  backs  of  the 
angles  that  serve  as  flang:es  for  the  frames  are  1  foot  1  inch 
from  the  ends  of  the  I  beams.  These  angles  are  3i  inches 
wide,  and,  according   to   Table  XII,  the  gauge  lines  are 

2  inches  from  the  back  edges.  This  makes  the  gauge  lines 
of  the  end  frames  1  foot  3  inches  from  the  ends  of  the  span 
and^  23  feet  —  1  foot  3  inches  —  1  foot  8  inches  =  20  feet 
6  inches  from  each  other.  This  distance  is  divided  into 
three  equal  spaces  of  6  feet  10  inches  each,  thus  locating 
the  gauge  lines  of  the  angles  that  act  as  struts  between  the 
beams  at  the  intermediate  points. 

The  three  beams  that  form  each  side  of  the  bridge  are 
bolted  together  with  their  centers  7f  inches  apart,  as  given 
in  Table  XV,  and  each  set  of  three  is  placed  with  its  center 
6  feet  6  inches  from  that  of  the  other.  This  makes  the  inside 
beams  6  feet  6  inches  —  7i  inches  —  7f  inches  =  5  feet 
2i  inches  apart.  Since  the  webs  of  these  beams  are  i  inch 
in  thickness  (Table  XIV),  the  clear  distance  between  them  is 
5  feet  2  inches.  The  lug  or  hitch  angles  that  are  used  to 
connect  the  plates  to  the  webs  of  the  inside  I  beams  are 
3i  inches  wide,  with  the  gauge  lines  2  inches  from  the  webs. 
This  makes  these  gauge  lines  5  feet  2  inches  —  2  inches 
—  2  inches  =  4  feet  10  inches  apart.  The  gauge  lines  of 
these  hitch  angles  and  those  of  the  cross-frames  or  struts, 
located  in  the  preceding  paragraph,  are  commonly  called 
working  lines  for  the  lateral  trusses.  They  can  be 
considered  as  the  center  lines  of  the  chords  and  the 
panel  points,  respectively.  The  diagonal  lines  connecting 
the  intersections  of  these  gauge  lines  locate  the  diagonals 
of  the  lateral  truss.  In  Fig.  7,  they  are  taken  as  the 
gauge  lines  of  the  laterals.  In  some  cases,  the  center  of 
gravity  of  the  angle  is  made  to  coincide  with  the  diagonal 
between  the  working  lines;  in  a  bridge  as  small  as  that 
now  under  consideration,  it  matters  little  which  method  is 
used. 

The  next  step  is  to  find  the  length  of  the  diagonal.  Each 
of  these  lines,  together  with  the  working  lines,  forms  a  right 
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iriaQfle  whose  two  legs  are  6  feet  10  inches  and  4  feet 
lOiDches,  respectively.  Then,  the  length  of  the  diagonal  is 
V(8'l(y'F+(4'lCK'P  =  8  feet  4tV  inches 
The  rivets  at  the  ends  of  the  laterals  are  next  located  by 
laying  out  the  connection  plates  full  or  half  size,  as  previously 
described. 

In  detailing  bridge  work,  it  is  frequently  necessary  to  find  the 

leigih  of  the  hypotenuse  of  a  right  triangle  when  the  legs, 

commonly  called  the  coordiuates  in  this  work,  are  known. 

The  principle  for  finding  the  hypotenuse  is  simple,  but  the 

aritbrnetical  w^ork  is  laborious,  especially  when  the  coordinates 

^e  given  to  small  fractions,  such  as  sixteenths  of  an  inch. 

To  shorten  this  wbrk,  tables  are  commonly  employed.    There 

are  several  books  on  the  market  that  contain  tables  giving 

*he  squares  of  distances  that  occur  in  feett  inches,  and  frac- 

tbas  of  an  inch.     In  using  such  tables  *  the  squares  of  the 

Coordinates  are  copied  and  added;  the  length  corresponding 

^^  tbe  square  root  of  the  sum  is  theo  taken  directly  from  the 

table. 


I 


DESIGN   OF  A   PLATE-GIRDER 
RAILROAD  BRIDGE 


25»  Data. — As  the  next  example  of  practical  design  will 
^^  taken  a  deck  plate-girder  railroad  bridge,  the  data  sheet 
*or  the  construction  of  which  is  given  on  page  20< 

26.     Determination  of  Span* — ^It  is  first  necessary  to 

determine  the  location  of  the  abutments.     It  is  required  that 

tile  clear  distance  between  them  at  the  level  of  the  curb  be 

i3:iade  50  feet.     There  is  one  electric-car  track  in  the  center 

^^i  the  street,  and  it  may  be  assumed  that  the  top  of  the  rail 

is  level   with    the   top  of   the   curb.     According   to  B.  S,, 

An,  94,  the  lowest  line  of  overhead  bracing  in  through 

^^dges  for  street  railways  shall  not  be  lower  than  Ih  feet 

from  the  top  of  the  rail.     This  condition  applies  equally 

^^JI  to  the  underneath  clearance  of  bridges   over  street- 

""^ilroad  tracks.    In  the  present  case,  the  underneath  clear- 

^^ce  line  of  the  bridge  will  be  placed  15  feet  above  the  top 


GEinCBAIi   BATA 

For  bridge  over Sumner  Street 

a^ Cincinnati^  Okie 

Length  and  general  HimpnQinng  One  span  aver  street  50  feer  ^ 
wide  at  the  level  of  the  curb^  with  one  electric-car  track  at  tfk^ 
center 

Skew  or  angle  of  abutments  with  center  line  of  bridge-^? 

Width  of  bridge  and  location  of  trusses  ^^  trusses. Sf>ace 

deck  girders  according  to  Bridge  Specifications^  Art.  16 

Floor  system Standard-tie    floor.     See    Bridge 

Specifications,  Art,  48 

Number  and  location  of  tracks  ^  ^^^^^  ^^  ^^^^  ^^<^  ^o  ^^^ 

Loading Cooper's    E50,    as    represented    in    Bridge 

Specifications,  Art.  24 ^__ 

Description   of   ahntniftntg     Granite  abutments;  front  faces 
even  with  street  lines 

Distance  from  floor  to  clearance  line   Not  more  than  6  feet 
6  inches 

Distance  from  floor  to  high  water Nojvater 

low  water 


river  bottom. 


Character  of  river  bottom- 
Usual  season  for  floods 


<(       (< 


Name  of  nearest  railroad  statinn  Cincinnati,  Ohio 

Distance  to  nearest  railroad  station 3  miles 

Time  limit 90days 

Name  of  Engineer 

Address  of  Engineer 


RpmarlfR  Above-describcd  bridge  is  to  replace  the  bridge  at 
present  in  use.  New  abutments  will  be  built  by  the  Railroad 
Company.  Contractor  will  furnish  bridge-seat  plan  within 
10  days  from  award  of  contract ^^ 
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t        of  the  rail,  and  the  top  of  the  bridge  seat  will  be  made  level 
with  that  line.     Bridg:e  seats  for  this  leng:th  of  span  should 
be  not  less  than  18  inches  thick;  usins:  this  thickness,  the 
distance  from  the  top  of  the  rail  to  the  neat  line  under  the 
bridge  seat  will  be  16  feet  —  1  foot  6  inches,  or  13  feet 
6  inches.     If  the  face  of  each  abutment  is  battered  2  inch 
per  foot,   the  abutments  will  be   13i  inches   farther  apart 
under  the  bridge  seat  than  at  the  top  of  the  curb,  or,  in  this 
case,  50  feet  -f  1  foot  li  inches  =  51  feet  li  inches.     Bed- 
plates for  deck  plate  girders  are  usually  made  about  20  inches 
long  for  spans  of  60  feet,  and  about  24  inches  long  for  spans 
75  feet  long,  with  the  front  edge  from  6  to  9  inches  behind 
the  neat  line.     For  the  span  under  consideration,  the  plates 
will  be  made  22  inches  in  length  and  set  with  the  front  edges 
6i  inches  behind  the  neat  line;    The  center  of  the  bedplate  is 
then  11  inches  +  6i  inches  =  17i  inches,  behind  at  each  end 
of  the  span;  the  span  is  61  feet  I2  inches  +  1  foot  5i  inches 
-f  1  foot  5i  inches  =  54  feet;  and  the  total  length  of  the 
girder  is  22  inches  more  than  this,  or  56  feet  10  inches. 
For  a  girder  of  this  length,  the  parapets  should  not  come 
nearer  than  4  inches  to  the  ends.     In  this  case,  they  will  be 
made  56  feet  6  inches  apart. 

27.  Depthi  and  Spacing:  of  Girders. — Deck  girders 
are  usually  made  about  one-ninth  or  one-tenth  of  the  span 
in  depth.  When  the  distance  from  the  base  of  the  rail  to 
the  clearance  line  is  specified,  the  depth  of  the  girder  must 
be  chosen  so  as  not  to  exceed  it.  The  depth  of  the  tie  and 
the  thickness  of  the  flange  plates  will  usually  occupy  about 
1  foot  of  the  depth.  In  the  present  case,  as  the  specified 
distance  is  6  feet  6  inches,  the  depth  of  the  girder,  or  the 
width  of  the  web,  should  not  exceed  5  feet  6  inches.  If  the 
depth  of  the  girder  is  made  one-tenth  of  the  span,  it  will  be 
54  -f-  10  =  6.4  feet.  It  is  well,  when  possible,  to  use  an 
even  foot  or  half  foot  for  the  width  of  web;  in  this  case, 
5.5  feet,  or  66  inches,  will  be  used.  The  backs  of  the  flange 
angles  are  usually  placed  i  inch  farther  apart,  or,  in  this 
case,  66i  inches.    This  allows  for  slight  irregularities  in  the 
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%T 


edges  of  the  web-plates,  and  prevents  the  edfifes  from  inteo 
feringf  with  the  flange  plates.  As  the  span  is  less  thai 
70  feet,  the  girders  will  be  6  feet  6  inches  center  to  ccntc 
(see  B.  5.,  Art.  16). 

The  bridge-seat  plan  is  represented  in  Fig.  8.    The  dis 
tance  from  the  base  of  the  rail  to  the  clearance  line  or  th> 


^ 


j Center  Uff€ _qf  Track ^  ^  J^ \ 

q| gy/er  Line  ^f  Girder^ ^JLJ i 


B 


d 


Center  Line  of  Girtfer^ 


Center  Line  of  Gtrder 
Center  Line  qf  Track  _ 
Center  Line  of  Girder 


Pio.  8 

bridge  seat  is  not  given,  as  this  distance  cannot  be  determined 
until  after  the  girders  have  been  designed. 

28.  Dead  Load. — The  formula  for  the  weight  per 
linear  foot  of  a  deck  plate-girder  railroad  bridge  for  the 
specifications  referred  to  in  the  data  sheet,  and  for  Cooper's 
E50  loading,  is  given  in  Art.  242,  B.  5.,  as 

zt;  =  500  +  8  /  =  500  +  8  X  54  =  930  pounds,  nearly 

The  weight  of  the  track  will  be  taken  as  400  pounds, 
making  the  total  dead-weight  930  -f  400  =  1,330  pounds 
per  linear  foot  for  one  track  (two  girders).  As  explained 
in    Design    of   Plate   Girders,   Part   1,    it    is   necessary   to 
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caloulate  the  moments  and  shears  at  several  points  alons: 

the    girder.     In  the  present  case,  they  will  be  calculated 

^t  tlie  center  and  at  distances  of  5,  10,  15,  and  20  feet  from 

the  end  of  the  span;  besides^  the  shear  at  the  end  must  be 

computed. 

The  dead-load  moments,  in  foot-ponnds,  are  as  follows: 
At  the  center, 

1,380  X  54  X  64  «  434  ggp 
o 

At  20  feet  from  the  end, 

1,330  X  54  X  20  -  1.330  X  20  X  20  ^  452,200 
2  2 

At  15  feet  from  the  end, 

1,380  X  54  ^  ^g  _  1,380  X  15  X  15  ^  333  ppQ 
2  2 

At  10  feet  from  the  end, 

M30X64^  10_  I,330xi0xi0  ^  ^^ 
2  2 

At  5  feet  from  the  end, 

U30x_64^5_U80xAXi^  162,900     * 

The  dead-load  shears,  in  pounds,  are  as  follows: 

^     ^         ^  1,330X54        QKQin 

At  the  end,  - — ^ —  =  35,910 

At  5  feet  from  the  end, 

35,910  -  5  X  1.830  =  29,260 
At  10  feet  from  the  end, 

35,910  -  10  X  1,330  =  22,610 
At  15  feet  from  the  end, 

35,910  -  15  X  1.330  =  15,960 
At  20  feet  from  the  end, 

35,910  -  20  X  1,330  =  9,310 
At  the  center, 

36,910  -  27  X  1.330  =  0 

29.  litre  lioad. — The  live  load  consists  of  Cooper's 
E60,  represented  in  Fig.  3  of  B.  S.  By  applying  the  prin- 
ciples-explained in  Stresses  in  Bridge  Trusses,  Part  4,  it  is 
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found  that  the  ei'eatest  moment  occurs  under  the  third 
driver  of  the  second  engine,  when  that  driver  is  .127  foot 
to  the  left  of  the  center.  The  value  of  this  moment  is 
2,703,200  foot-pounds.  The  maximum  moment  at  the  cen- 
ter, in  this  case,  occurs  when  the  same  driver  is  at  the 
center,  and  is  2,702,500  foot-pounds.  As  will  be  seen, 
these  two  values  are  very  nearly  equal.  In  sT^neral,  it 
may  be  stated  that  for  spans  over  50  ieei  it  is  suificienily 
accurate  to  use  in  design  the  greatest  moment  that  can  occur 
at  the  center  of  the  span,  neglecting  the  consideration  thai 
involves  the  location  of  the  center  of  gravity  of  ifie  loads* 
The  maximum  live-load  moments  and  shears  are  then  as 
follows: 

At  the  center  (under  third  driver,  second  engine),  the 
live-load  moment,  in  foot-pounds,  is  2,702,500. 

At  20  feet  from  the  end  (under  third  driver,  first  engine), 
2,563,000. 

At  15  feet  from  the  end  (under  second  driver,  first  engine), 
2.247,200. 

At  10  feet  from  the  end  (under  second  driver,  second 
engine),  1,703,700. 

At  5  fejt  from  the  end  (under  first  driver,  second  engine), 
976,900. 

At  the  end  (first  driver,  second  engine),  the  live-load 
shear,  in  pound':.,  is  228,900. 

At  5  feet  from  the  end  (first  driver,  second  engine),  195,400. 

At  10  feet  from  the  end  (first  driver,  first  engine),  163.100. 

At  15  feet  from  the  end  (first  driver,  first  engine),  130,900. 

At  20  feet  from  the  end  (first  driver,  first  engine),  101,600. 

At  the  center  (first  driver,  first  engine),  65,200. 

30.  Impact  and  Vibration. — The  formula  for  impact 
and  vibration  is  /  =  7-^^^  X  S{B,  5.,  Art.  25).     In  the 

present  case,  the  allowance  in  terms  of  the  moments  and 
shears  must  be  found.  For  the  moments,  it  is  necessary  to 
load  the  entire  span;  then,  L  =  54,  and 

I^mxM^  .84746  M 
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The  allowances  are: 

Locahom  Mombnt,  in  Foot*Pounds 

Center  .84746  X  2,702.500  =  2.290,300 

20  feet  from  the  end  .84746  X  2,563.000  =  2,172,000 

16  feet  from  the  end  .84746  X  2,247,200  =  1,904,400 

10  feet  from  the  end  .84746  X  1,703,700  =  1,443,800 

6  feet  from  the  end  .84746  X     976,900  =     827,900 

As  the  length  of  track  that  must  be  loaded  to  produce  the 
(greatest  shears  is  different  for  different  sections,  the  allow- 
ance for  impact  and  vibration  will  be  a  different  proportion 
of  the  maximum  shear  in  each  case.  It  has  been  found  that 
the  maximum  shear  at  each  section  occurs  when  the  first 
driver  is  at  the  section,  for  which  position  the  first  wheel  is 
8  feet  beyond  the  section.  The  leng^th  of  loaded  track  for 
sections  within  8  feet  of  the  end  of  the  span  is,  therefore, 
54  feet;  for  other  sections  it  is  equal  to  the  distance  of  the 
section  from  the  other  end  of  the  span  plus  8  feet.  The 
proportional  allowances  are  as  follows: 

At  the  end  and  5  feet  from  the  end.  the  lenc:th  L  of  loaded 
portion  is  54;  the  proportional  allowance,  /  =  .84746  5. 
At  10  feet  from  the  end,  Z:  =  52;  /  =  ***  5  =  .8523  5 
At  15  feet  from  the  end,  Z:  =  47;  /  =  W  5  =  .8646  S 
At  20  feet  from  the  end,  Z,  =  42;  /  =  M*  5  =  .8772  5 
At  the  center,  Z,  =  35;  /  =  H*  5  =  .8955  5 

The  allowances  for  shear  are,  therefore,  as  follows: 


Location 

Shbar,  in  Pounds 

End 

.84746  X  228,900  =  194,000 

5  feet  froia  the  end 

.84746  X  195,400  =  165,600 

10  feet  from  the  end 

.8523    X  163,100  =  139,000 

15  feet  from  the  end 

.8646    X  130,900  =  113,200 

20  feet  from  the  end 

.8772    X  101,600  =    89,100 

Center 

.8955    X    65,200  =    58,400 

31.     wind  Pressure. — In  this  article,  we  shall  consider 

Only  the  increase  in  moments  and  shears  caused  in  the  leeward 

girder  by  the  overturning:  effect  of  the  wind;  this  increase  is 

P  h 
Calculated  by  the  formula  w  =  -r"»  ^  which  P  is  the  wind 

o 

135—10 
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pressure  per  linear  foot  of  train,  and  w  is  the  vertical  load 

per  linear  foot  of  srirder,  due  to  the  wind  pressure    (see 

Stresses  in  Bridge  Trusses ^  Part  5).    The  center  of  the  wind 

pressure  is  7  feet  above  the  top  ot  the  rail  (B.  S.,  Art.  27), 

and  the  top  lateral  bracing:  is  srenerally  about  2  feet  below 

the  top  of  the  rail;  then,  A,  the  distance  from  the  center  of 

'wind  pressure  to  the  top  lateral  bracing,  is  7  +  2  =  9  feet; 

and  b  is  6.5  feet.    Therefore, 

300  X  9 
w  =  — .  g      =  415  pounds  per  linear  foot 
0.5 

The  moments  due  to  a  uniform  load  of  1,330  potmds  per 

linear  foot  have  already  been  found;  those  due  to  a  uniform 

load  of  415  pounds  may  be  found  by  multiplying  the  former 

moments  by  iV)Ar,  or  .31203.    The  results  are  as  follows: 

Location  Mobcbmt,  m  Foot-Pounds 

Center  .31203  X  484,900  =  151,300 

20  feet  from  the  end  .31203  X  452,200  ==  141,100 

15  feet  from  the  end  .31203  X  389,000  =  121,400 

10  feet  from  the  end  .31203  X  292,600  =    91,300 

5  feet  from  the  end  .31203  X  162,900  =    50,800 

As  the  wif  d  pressure  under  consideration  is  that  on  a 
moving  train,  the  shears  will  be  found  as  for  a  moving  load, 
that  is,  by  loading  the  portion  of  the  span  on  one  side  of 
a  section.    They  are  as  follows: 

I/OCATION  ShXAR,  in  POUNDS 


End  *1^X64 


5  feet  from  the  end  »      ..         =    9.200 

2X54 

10  feet  from  the  end  AlbxAAxU  ^    ^^^qq 


15  feet  from  the  end  A^  »«/ ^o*^  ^    g  gQQ 

2X54 

20  feet  from  the  end  415^J42<34  ^    ^^^ 

2  X  54 

Center  il^^^l^  =    2.800 


2 

415  X  49  X  49 

2X54 
416  X  44  X  44 

2X54 
415  X  39  X  39 

2X54 
415  X  34  X  34 

2X54 
415  X  27  X  27 

11.200 
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32.  Total  Moments  and  Sbears. — As  the  dead  load, 
live  load,  impact  and  vibration,  and  wind  pressure  may  act 
simultaneously,  the  total  moments  and  shears  may  be  found 
by  adding:  the  values  that  have  been  found  for  the  different 
conditions.  In  doing  so,  however,  it  must  be  remembered 
that  the  moments  and  shears  due  to  dead  load,  live  load, 
and  impact  and  vibration  have  been  found  for  the  load  on 
the  entire  width  of  track,  that  is,  on  two  girders,  while  those 
due  to  the  wind  pressure  are  the  effects  on  one  girder. 
Therefore,  to  find  the  total  moment  or  shear  at  any  section 
of  one  girder,  that  due  to  the  wind  pressure  may  be  added 
to  one-half  the  sum  of  those  due  to  dead  load,  live  load,  and 
impact  and  vibration,  as  just  found.  The  total  moments  and 
shears  on  each  girder  can  now  be  found. 

The  total  moments,  in  foot-pounds,  at  various  positions 
on  the  girder  are  as  follows: 

At  the  center, 

484.900  + 2,702.500 +  2>290.800  ^  ^^^^  ^  2,890,200 

At  20  feet  from  the  end, 

452.200  +  2.563.000  +  2,172,000^  1^1  100  ^  2,734,700 

At  15  feet  from  the  end, 

389.000  +  2,247,200  +  1,904,400  ^  i21,400  =  2.391.700 
2 

At  10  feet  from  the  end, 

292.600  +  1.703.700  +  1.443.800  ^    ^^^  ^  j  g^  ^qq 

At  5  feet  from  the  end, 

162,900  +  976,900  +  827^  ^    g^  g^Q  ^  i^034.700 

The  total  shears,  in  pounds,  at  the  different  sections  of 
^e  girder  are: 
At  the  end, 

35.910  +  228.900+194,000  ^  ^  gOO  =  240,600 
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At  5  feet  from  the  end, 

29.260  +  195,400  +  165.600  ^  ^^  ^  ^^ 

At  10  feet  from  the  end, 

22.610  +  163.100+139.000  ^  ^^  _  ^^^^ 
z 
At  16  feet  from  the  end, 

15.960+130.900  +  113.200  ^  g  gOO  =  135.800 

At  20  feet  from  the  end, 

9,310  +  101.600  +  89.100  ^  ^^  ^  ^^^^ 

At  the  center, 

0  +  65,200  + 58.400  ^g  300^    ^^ 
z 

33.  Design  of  Web. — A  T^-inch  web  will  be  tried  first. 
The  gross  section  is  66  X  t^  =  28.875  square  inches.  As 
the  total  shear  at  the  end  is  240,600  pounds,  the  intensity  of 
the  shearing  stress  is  240,600  -t-  28.875  =  8,330  pounds  per 
square  inch.  Consulting  Table  XXXVI,  finding  the  point 
on  the  curve  for  the  i^-inch  web  corresponding  to  an  inten- 
sity of  stress  of  8,330  pounds  per  square  inch,  and  looking 
horizontally  to  the  right,  it  is  found  that  the  stiffeners  must 
be  spaced  about  16  inches  apart.  According  to  B.  5.,  Art.  55, 
the  spacing  of  stifiEeners  should  be  not  less  than  one-third 
the  depth  of  the  web.  In  this  case,  therefore,  the  stiffeners 
should  be  not  less  than  22  inches  apart.  As  the  spacing 
given  in  Table  XXXVI  is  16  inches,  it  is  necessary  to  try  a 
thicker  web.  A  web  i  inch  thick  will  be  tried  next.  The 
gross  section  is  66  X  i  =  33  square  inches,  and  the  intensity 
of  shearing  stress,  240,600  -^  33  =  7,290  pounds  per  square 
inch.  Consulting  Table  XXXVI,  finding  the  point  on  the 
curve  for  the  i-inch  web  corresponding  to  an  intensity  of 
stress  of  7,290  pounds  per  square  inch,  and  looking  hori- 
zontally to  the  right,  it  is  found  that  the  stiffeners  must 
be  spaced  22  inches  apart.  As  this  thickness  of  web  satis- 
fies the  conditions  as  far  as  stiffener  spacing  at  the  end  is 
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coQceraed,  the  required  spacinsf  of  stiffeners  at  other  sections 
^U  next  be  found.    The  intensities  of  shearings  stress  are: 

Intensity  of 


LoCATIOZf 

Shearing  Stress, 
IN  Pounds 

PER  Square  Inch 

End 

240,600  -r  83  =  7.290 

5  feet  from  the  end 

204,300  -r-  33  =  6.190 

10  feet  from  the  end 

169,800^83  =  6,150 

16  feet  from  the  end 

135,800  -r  83  =  4,120 

20  feet  from  the  end 

104,400  -r  33  =  3,160 

Center  of  span 

64,600  ^  88  =  1,960 

34.  Spacing  of  Stiffeners.— Consulting  Table  XXXVI, 

finding  the  points  on  the  curve  for  i-inch  web  corresponding 

to  the  intensities  just  found,  and  looking  horizontally  to  the 

right  or  left  (whichever  is  nearer),  the  required  spacings  of 

sti£Eeners  are  found  to  be  as  follows: 

Spacing  op 
Location  Stiffenbrs, 

in  Inches 

End  22 

5  feet  from  the  end  27 

10  feet  from  the  end  32 

15  feet  from  the  end  38 

20  feet  from  the  end  46 

Center  of  span  62 

The  stiflEener  spacing  at  other  points  on  the  girder  may 
be  found  by  interpolating  between  the  values  just  found. 
These  distances  will  not  give  the  actual  distances  between 
the  stiffeners,  but  simply  the  distances  that  must  not  be 
exceeded  at  the  various  sections.  The  actual  distances 
between  stiffeners  depend  on  other  details,  such  as  rivet 
spacing,  and  are  usually  found  by  the  detailer  or  draftsman 
when  the  plans  are  being  made. 

35.  Pitch  of  Flangre  Rivets. — The  required  spacing 
of  the  rivets  that  connect  the  flanges  to  the  web  at  any 
section  is  found  by  the  following  formula,  given  in  Design  oi 
PlaU  Girders,  Part  1: 
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In  the  present  case,  the  rivets  are  in  double  shear  and  in 
bearing:  on  the  i-inch  web-plate.  (They  are  also  in  bearing 
on  the  two  flangfe  angles,  but  it  may  be  assumed  that  the 
thickness  of  the  latter  is  greater  than  that  of  the  web;  it 
is  found  in  practice  that  this  is  invariably  true.  For  this 
reason,  the  bearing  on  the  flange  angles  need  not  be  con- 
sidered.) The  rivets  used  in  deck  plate-girder  railroad 
bridges  are  i  inch  in  diameter  for  all  spans.  Those  in  the 
flanges  are  always  shop-driven  rivets  and,  according  to  B,  5., 
Art.  29,  the  values  in  Table  XL  will  be  used.  Consulting 
Table  XL,  the  value  of  one  J-inch  rivet  in  double  shear  is 
foimd  to  be  13,230  pounds,  and  in  bearing  on  a  plate  i  inch 

thick,  9,630  pounds. 
The  latter  value, 
being  the  smaller, 
must  be  used  in  the 
formula.  As  the 
flanges  have  not  yet 
been  designed,  it  is 
not  known  what  size 
of  angles  will  be 
used,  so  that  the 
value  of  hr  cannot  be 
calculated.  In  actual 
practice,  however,  the  designer  soon  learns  what  sizes  of 
angles  are  generally  used  for  spans  of  di£Eerent  lengths. 
In  the  type  of  bridge  now  under  consideration,  &'  X  6''  angles 
are  used  for  all  spans  up  to  about  70  feet,  and  8  in.  X  8  in. 
for  longer  spans.  In  the  present  case,  6^'  X  6"  angles 
will  be  used.  Consulting  Table  XII,  it  is  found  that  there 
will  be  two  rows  of  rivets  in  each  leg,  the  line  midway 

between  the  two  rows  being  2i  +  -^  =  3|  inches  from  the 

back  of  the  angle,  as  represented  in  Fig.  9.  The  distance 
between  the  backs  of  the  angles  in  the  flanges  has  already 
been  found  to  be  66i  inches.  The  distance  hr  is,  there- 
fore, 661  -  31  -  31  =  59i  inches.  By  substituting  the 
proper  values  in  the  formula,  and  using  the  intensities  of 
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shearins:  stress  found  in  Art.  33,  the  followins:  pitches  are 
obtained: 

Location  Rivbt  Pitch,  in  Inchss 

BoUam  Flange  Top  Flange 

End  ^'^^^'^  =  2.88;  2.38  X  .9  =  2.14 

5  feet  from  the  end     ^^^^j~  -  2.80;   2.80  X  .9  =  2.53- 

10  feet  from  the  end     ^'^»^^^'^  =  3.37;  3.37  X  .9  =  «.03 
169,800  ..,         J 

15  feet  from  the  end     ^'^  ^^'^  -  4.22;   4.22  X  .9  =  5.80 

20  feet  from  the  end     ^'^^^'^  =  5-49;   6.49  X  .9  =  4.94 

Center  ^'^  ^^'^  =  8.87;  8.87  x  .9  =  7.98 

64,6(X) 

As  a  deck  railroad  bridgfe  is  under  consideration,  the  pitch 

in  the  bottom  flange,  found  from  the  formula  /  =  —^-^  must 

be  multiplied  by  .9  to  get  the  required  pitch  in  the  top 
flange  (see  B.  5".,  Art.  57).  The  pitch  is  sometimes  made 
the  same  in  both  flanges,  that  found  for  the  top  flange  in 
the  manner  just  explained  being  used  for  the  bottom  as  well. 
As  in  the  case  of  stiffener  spacing,  the  foregoing  values 
will  not  represent  the  actual  spacing  of  rivets  at  any  section, ' 
but  simply  the  values  that  must  not  be  exceeded  at  the 
different  sections.  The  spacing  at  other  points  may  be 
found  by  interpolating  between  the  given  values.  As  the 
pitch  at  20  feet  from  the  end  came  out  greater  than  that 
allowed  in  B.  S.,  Art.  57,  there  was  no  necessity  for  com- 
puting the  pitch  at  sections  nearer  the  center. 

36.     Design  of  Flans^s. — The  required  area  of  cross- 
section  of  the  flanges  at  any  section  is  found  by  means  of 

the  formula  ^  -  ^  -  ^  (Design  of  Plate  Girders,  Part  1). 
shg       8 

It  is  impossible  to  calctdate  the  value  of  hgy  as  the  areas  of 

the  flanges  are  not  yet  known;  for  a  first  trial,  however,  hg 

will  be  assumed  equal  to  the  depth  h  of  web,  the  flanges 
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at  the  center  of  the  span  will  be  desicfned  on  this  basis,  usingr 
the  bendins:  moment  at  the  center  of  the  span,  and  the  dis- 
tance hg  between  the  centers  of  gravity  of  the  trial  flanges 
will  be  computed.    With  this   corrected  value  for  h,^  the 
areas  of  the  flanges  will  again  be  found,  and  the  necessary 
correction  made.     It  will   seldom  be   found  necessary  to 
change    the    cross-section    of    the    flanges    as    found    by 
assuming  h,  =  h.     In  the  present  case,   A  =  66   inches, 
s  =  16,000  pounds,  and  /  =  i  inch.     To  apply  the  formula, 
the  bending  moment  already  found  must  be  multiplied  by  12, 
to  reduce  it  to  inch-pounds.     Por  the  first  trial  cross-section 
at  the  center  of  the  span,  we  have,  therefore, 

=  28.72  square  inches 
This  is  the  value  for  the  gross  area  of  the  top  flange  and 
the  net  area  of  the  bottom  flange. 

37.  The  actual  choice  of  the  sizes  of  angles  and  plates  is 
wholly  a  matter  of  practice.  The  designer  usually  follows 
certain  established  rules  and  relies  to  a  great  extent  on  his 
experience.  It  is  considered  bad  practice  to  use  very  small 
or  thin  angles  and  a  large  number  of  plates.  It  is  also  con- 
sidered bad  practice  to  make  the  entire  flange  section  of 
angles;  this  is  not  economical,  as  the  entire  section  of  flange 
must  be  continued  the  whole  length  of  the  girder.  In  B.  5., 
Art.  59,  it  is  required  that  one-third  to  one-half  the  flange 
area  shall  be  composed  of  angles.     In  the  present  case,  that 

28  72  28  72 

would  require  from  — ^ — ,  or  9.57,  to  — ^,  or  14.36,  square 
o  2 

inches  in  two  angles,  or,  as  there  are  two  angles,  4.79  to 
7.18  square  inches  in  each  angle.  6"  X  6"  angles  with  thick- 
nesses from  i  to  li  inch  are  commonly  used  in  the  flanges 
of  plate  girders  for  railroad  bridges  up  to  about  70  feet  in 
length;  the  flange  plates  are  never  narrower  than  the  total 
width  of  the  two  flange  angles  together  with  the  thickness 
of  the  web,  nor  thicker  than  the  flange  angles.  In  the  pres- 
ent case,  the  following  sections  will  be  used: 
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TOP  Fr^c-  sS°&CHES 

Two  angles  6  in.  X  6  in.  X  i  in.  @  6.76   .   1  1.5 

One  plate  14  in.  X  I  in 5.2  5 

One  plate  14  in.  X  A  in 6.1  2  5 

One  plate  14  in.  X  tV  in 6.1  2  6 

Total  gross  area 2  9.0 

Jn  B.  S.,  Art.  60,  it  is  required  that,  when  plates  of  dif- 
ferent thicknesses  are  used,  they  shall  diminish  in  thickness 
outwards  from  the  flange  angles.  An  exception  is  sometimes 
made  to  this  rule,  and  will  be  made  in  this  case,  when  it  is 
required  that  one  plate  shall  extend  the  full  length  of  the  top 
flange.  This  is  done  to  keep  water  and  dirt  from  working 
down  between  the  flange  angles  and  the  web,  and  to  give 
the  girder  a  better  finish.  A  thin  plate  serves  the  purpose 
JQSt  as  well  as  a  thicker  i         ^ 

one,  and  is  more  eco-    ^"-Q'"6"'o"'6"'i""(S' 
nomical,    as    all    that 


t: 


part  beyond  its  theo-    )      "q^  q"^  q"q  1"q"  Q 
retical  end  is  wasted,    }---P----Q---Q---Q>--9--^y 

^        ,^     ^^     (a)  !  d 


S 


I 


T 


so  far  as  necessary 
flange  section  is  con- 
cerned. 

For  the  bottom 
flange  it  is  necessary 
to  deduct  from  the 

gross  section  the  areas  ^^  '  ^*^ 

of  cross-section  of  the  ^^®-  ^® 

rivet  holes.  This  is  most  easily  done  by  deducting  from 
each  angle  and  plate  the  holes  that  are  in  the  plate.  Fig.  10 
shows  the  method  of  riveting  flange  angles  to  the  web  and 
the  flange  plates  to  the  angles.  Each  rivet  d  in  the  hori- 
zontal leg  of  any  angle  is  directly  opposite  one  e  in  the  ver- 
tical leg;  this  brings  two  rivets  d,  d  directly  opposite  each 
other  in  each  plate.  There  are  then  two  holes  to  be 
deducted  from  each  angle  and  two  from  each  plate.  The 
following  sections  will  be  used: 
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BOTTOM  Fl^GK  SqIIST'&c™ 

Two  angles  6  in.  X  6in.X^in.;  11.50  -  2  X  2  X  .50  =    9.6  0 
One  plate  16  in.  X  i  in.  8.0  —  2  X  .5  =    7.0  0 

One  plate  16  in.  X  A  in.  7.0  -  2  X  .4375     =    6.1  2  5 

One  plate  16  in.  X  A  in.  7.0  -  2  X  .4375     =    6.12  5 

Total  net  area,  .2  8.7  5 

38.     In  the  forec:oing  desis:n,  kg  was  assumed.     The  loca- 
tion of  the  center  of  cT^vity  of  each  flancre  and  the  distance 

between  the  two  cen- 

HI 
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21*6*6'^" 
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"^  tmfiitmi' ^  amwti*,^tt 
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tcrs  of  gravity  will 
now  be  computed, 
and  the  design  of 
the  flanges  altered  if 
necessary.  For  the 
center  of  gravity  of 
the  lower  flange, 
the  statical  moment 
for  each  angle  will  be 
taken  equal  to  the  area  of  net  section  multiplied  by  the  lever 
arm  of  the  gross  section,  as  the  position  of  the  center  of 
gravity  is  practically  the  same  for  both  sections.    The  posi- 
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tion  of  the  center  of 
gravity  of  the  gross 
section  is  taken  from 
Table  IX.  Moments 
will  be  taken  about 
the  outer  edge  of  the 
section  in  each  case; 
the  lever  arms  for  the 
top  flange  are  shown 
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in  Fig.  11,  those  for  the  bottom  flange  in  Fig.  12. 
The  statical  moments  for  the  top  flange  are  as  follows: 

6.1  2  6  X    .2188  =      1.3  4  0 

6.1  2  5  X    .6562  =     4.0  1  9 

5.2  5     X  1.0625=      5.5  7  8 
11.5        X2.93      =33.696 


2  9.0 


4  4.6  8  2 
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The  distance  of  the  center  of  gravity  of  the  top  flange  is, 
tiierefore,  44.632  -^  29  =  1.54  inches  from  the  outside  of  the 
section.  As  the  plates  have  a  total  thickness  of  A  +  A  +  I 
=  1.25  inches,  the  center  of  gravity  of  the  top  flange  is 
i.54  - 1.26  =  .29  inch  below  the  back  of  the  angles. 
The  statical  moments  for  the  bottom  flange  are  as  follows: 

6.1  2  6  X  .2188  =  1.3  4  0 
6.1  2  6  X  .6662  =  4.0  1  9 
7.0  X  1.126  =  7.8  7  6 
9.6  0     X  3.06      =  2  8.9  7  6 

2  8.7  6  4  2.2  0  9 

The  distance  of  the  center  of  gravity  of  this  flange  from 
the  outside  edge  of  the  flange  is»  therefore,  42.209  -r-  28.76 
-  1.468  inches  from  the  outside  of  the  section.  As  the 
plates  have  a  total  thickness  of  i  + tV  +  tV=  1.376  inches, 
the  center  of  gravity  of  the  bottom  flange  is  1.468  —  1.375 
=  .09  inch  from  the  back  of  the  angles. 

As  the  distance  back  to  back  of  the  flange  angles  is 
66.26  inches,  the  distance  h,  between  the  centers  of  gravity 
of  flanges  is  66.26  -  .29  -  .09  =  65.87  inches.  This  is  very 
nearly  equal  to  the  assumed  distance  of  66  inches.  Substi- 
tuting this  value  of  h,  in  the  formula  for  area,  the  result  is 

=  28.79  square  inches 

This  is  slightly  greater  than  the  net  area  of  the  trial  bottom 
flange,  but  the  difference  is  so  slight  (.04  square  inch)  that 
it  is  inadvisable  to  make  any  changes.  Had  the  difference 
been  greater — say,  .2  or  .3  square  inch — it  might  have  been 
advisable  to  increase  the  thickness  of  one  of  the  flange  plates 
by  tV  inch. 

It  will  be  seen  that  the  flange  plates  are  wider  and  thicker 
in  the  lower  flange  than  in  the  upper.  They  are  sometimes 
made  the  same  width,  in  which  case  the  lower  flange  plates 
must  be  still  thicker,  or  else  more  plates  must  be  used. 
If  those  in  the  lower  flange  are  made  about  2  inches  wider 
than  those  in  the  top,  and  the  same  number  of  plates  is 
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I 
used,  it  will  asnally  be  found  that  the  theoretical  len^hs 

of  corresponding^  plates  in  the  two  flanges  are  the  same 

or  very  nearly   so;  this  condition  is  very  convenient  iQ 

designinsf,  especially  if  the  same  rivet  spadncr  is  used  i0 

both  flanges. 

Some  engineers  do  not  design  the  top  flange,  bnt  make  it 

the  same  size  as  the  lower  flange.     This  gives  additional 

section,  and  therefore  additional  strength  to  the  top  flange, 

but  is  not  economical.     If  this  were  done  in  the  present 

case,  as  the  gross  area  of  the  lower  flange  is  11.50  +  8  +  7+7 

=  33.5  square  inches,  and  the  required  gross  area  of  the 

upper  flange  is  28.79  square  inches,  the  diflEerence,  which 

is  4.71  square  inches,  would  be  wasted  in  the  upper  flange. 

Unless  it  is  stated  in  the  specifications  that  both  flanges 

must  have  the  same  gross  area,  they  should  be  designed 

separately. 

39.  JjengthB  of  Flange  Plates. — The  flange  angles  in 
both  flanges  and  the  plate  next  to  the  flange  angles  in  the 
top  flange  are  continued  the  full  length  of  the  girder.  The 
other  plates  are  cut  off  where  they  are  no  longer  needed. 
For  this  purpose,  the  areas  required  at  the  different  sections 
at  which  the  moments  have  been  computed  will  be  deter- 
mined, and  the  curves  of  flange  areas  will  be  plotted.  The 
distances  between  the  centers  of  gravity  of  the  flanges  at 
sections  other  than  at  the  center  are  not  known,  but  they 
may  be  assumed  for  trial  equal  to  that  at  the  center,  and 
corrected  later.  Using  the  bending  moments  found  in 
Art.  32,  the  required  flange  areas,  in  square  inches,  are: 

At  the  center, 

l'^l?,'^^^rll  -  4.12  =  32.91  -  4.12  =  28.79 
65.87  X  16,000 

At  20  feet  from  the  end, 

?i7.^4J00^2  _  ^  j2  =  31.15  -  4.12  =  27.03 
65.87  X  16,000 
At  15  feet  from  the  end, 
2,391,700  X  12 


65.87  X  16,000 


-  4.12  =  27.24  -  4.12  =  23.12 
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At  10  feet  from  the  end, 

I'^il'^^^  -  4.12  =  20.63  -  4.12  =  16.61 
66.87  X  16,000 

At  6  feet  from  the  end, 

It^^^Pp^  -  4.12  ^  11.79  -  4.12  =    7.67 
65.87  X  16.000 

Fig.  13  shows  the  curves  of  flange  areas:  A  B  represents 

the  half  span;  C,  Z?,  E^  and  /%  the  sections  at  5,  10,  15,  and 

20  feet  from  A,  respectively;  CC,  DU,  EE\  FP,  and  BB'^ 
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the  required  areas  of  the  flanges  at  C,  D,  E,  /%  and  B,  respect- 
ively, B  L  and  B  V  representing  — ,  or  the  portion  of  web 

8 

that  is  included  in  flange  area;  LLx,  L^L^,  L^L^,  and  LtL^, 
the  areas  of  the  angles  and  plates  in  the  upper  flange;  and 
U  Lx\  LJ  LJ,  LJ  LJt  and  LJ  Z,/,  the  areas  of  the  angles  and 
plates  in  the  lower  flange.  Dotted  curves  are  then  drawn 
through  Af  C,  ZX,  E\  F',  and  B'.  Drawing  lines  through 
L,  Z,„  Z,„  etc.,  and  noting  where  they  intersect  the  curves, 
the  points  at  which  the  plates  are  no  longer  required  are 
determined.  At  C,  no  plates  are  required;  at  D,  one  plate 
on  each  flange  is  required;  at  E,  two  plates  on  each  flange 
are  required;  and  at  F  and  B,  three  plates  on  each  flange  are 
required.    At  /*and  B  there  is  no  need  to  revise  the  flange 
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■ret  as  tie  e=tre  secdoa  is  reqnired.  In  some  cases,  as 
K  -£  aie  CQC  k  a  ^isxe  is  just  included  in  the  section,  but, 
»  lae  pjftze  ai  ^a:  poizt  does  not  carry  much  stress,  it 
pmTif  =r:c  be  cccurec  as  xart  of  the  flan^^e  area  in  calcu- 
arrr^  :ae  r-ga-n-y  between  the  centers  of  g:ravity  of  the 

Tbe  nT^.i'  jDcarfoc  of  the  center  of  gravity  at  each  section 
rzr  be  .-iV-^'.i:rc  is  rbe  sanse  way  as  in  Art.  38  for  the  entire 
fac;^^:  i:  is  zr^t  necessary  to  repeat  the  numerical  steps. 
Tbey  are,  foe  rise  top  Z3nge,  .64  inch  at  £,  1.09  inches 
x:  J^.  I.$^  rvtaes  ai  C  below  the  backs  of  the  flange  angles; 
xzd  zzc  :be  bccoa  fiange,  .43  inch  at  £,  M  inch  at  D, 
inf  I.i5>  rxbes  at  C  above  the  backs  of  the  flange 
a=^je&     Tbe  cfriranors  between  the  centers  of  gravity  of 

A:  £.  «j35  -  .64  -  .43  =  65.18  inches 
A:  P,  iS6j2o  -  1.09  -  .86  =  64.30  inches 
A:  l"  66.25  -  1.68  -  1.68  =  62.89  inches 

Tbe  revisec  ^azge  areas,  in  square  inches,  are,  therefore, 
as  fcZows: 
A:  15  fee:  fn?=  the  end, 

a^l.7iX>Xl2  _  ^  j2  =  27.52  -  4.12  =  23.40 
*5-l>  \  16.000 
A:  10  fee:  from  the  end, 

rjll.4'Xlxl2_^^2  =  21.13-4.12  =  17.01 
64.30  X  I6,a» 

A:  5  fee:  from  the  end, 

lAt34.7lXlxl2  _  ^  j2  =  12.34  -  4.12  =    8.22 
tS.Si^  X  16,000 
Tzt  crrre  of  flange  areas  may  now  be  corrected  by  plotting 
•-e<e  values  at  C  D.  and  E,  drawing  the  curves  shown  in  full 
Ws^  and  locating  the  theoretical  ends  of  the  flange  plates. 
"'^'^e  «i:<tii"Ce  scaled  from  the  theoretical  end  of  a  plate  to  the 
«--e''-  'ineis  one-half  the  length  of  plate;  in  this  case,  the 
±eore:icaI  lengths  of  plates  in  the  top  flange  are  approxi- 
rc -eV  '^5  34  •^.  and  40.5  feet,  and  in  the  bottom  flange,  26.6, 
S4%  Md  •« 'eet.    According  to  A  5.,  Art.  60,  each  plat* 


S76  DESIGN  OF  PLATE  GIRDERS  89 

shall  extend  12  inches  at  each  end  beyond  the  theoretical  end; 
this  will  increase  the  length  of  each  plate  by  2  feet.  The 
first  plate  in  the  top  flans:e  and  all  the  angles  will  continue 
the  full  length  of  the  girder,  that  is,  55  feet  10  inches.  The 
flanges  are  then  made  up  as  follows: 

Top  PukNGB 

Two  angles  6  in.  X  6  in.  X  i  in.  X  56  ft.  10  in 

One  plate  14  in.  X  i  in.  X  55  ft.  10  in. 

One  plate  14  in.  X  tV  in.  X  36  ft.  6  in. 

One  plate  14  in.  X  A  in.  X  27  ft. 
Bottom  Planck 

Two  angles  6  in.  X  6  in.  X  i  in.  X  55  ft.  10  in. 

One  plate  16  in.  X  i  in.  X  45  ft. 

One  plate  16  m.  X  tV  in.  X  36  ft.  9  in. 

One  plate  16  in.  X  A  in.  X  27  ft.  6  in. 

The  actual  lengths  of  the  plates  will  probably  be  slightly 
di£Eerent  from  the  lengths  given,  the  difference  being  due  to 
rivet  spacing  in  the  flanges. 

40.  Splices. — As  no  plate  or  angle  is  longer  than 
70  feet,  it  is  unnecessary  to  splice  any  flange  member 
(B.  5.,  Art.  61).  Consulting  Table  V,  it  is  found  that  the 
longest  plate  66  in.  X  i  in.  that  it  is  possible  to  get  is 
34  feet  long;  it  is  therefore  necessary  to  splice  the  web.  It 
will  be  spliced  at  the  center,  making  each  half  27  feet 
11  inches  long,  nearly.  The  size  of  the  splice  plates  will 
first  be  determined.  Consulting  Table  XI,  it  is  found  that 
for  a  6^^  X  6^'  X  1^'  angle  the  nominal  and  actual  widths  are 
equal;  then,  the  actual  size  of  the  leg  of  a  6''  X  6"  x  f ' 
angle  is  6i  inches.  As  the  distance  back  to  back  of  the 
flange  angles  is  66i  inches,  the  clear  distance  between  the 
vertical  legs  is  66i  —  6i  —  6i  =  54  inches.  Allowing  i  inch 
clearance  at  top  and  bottom  leaves  53i  inches  as  the  height 
of  the  splice  plate.  According  to  B.  S.,  Art.  56,  each 
splice  plate  shall  have  a  sectional  area  equal  to  75  per 
cent,  that  of  the  web.  In  the  present  case,  that  of  the  web 
is  33  square  inches;  then,  the  area  of  each  plate  must 
be  .75  X  38  ss  24.75   square    inches.     As    the   plates   are 
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53}  inches  deep,  the  required  thickness  is  24.75  -^  68.75 
=  .46  inch.  The  nearest  standard  thickness  is  i  inch;  then, 
each  splice  plate  will  be  53}  in.  X  a  in.    A  spacin^^  of  rivets 

will  now  be  assumed;  if  it 
gives  sufficient  resistance,  it 
will  be  used;  if  not,  the  num- 
ber of  rivets  will  be  increased. 
The  spacing  shown  in  Fig.  14 
will  be  assumed. 

The  rivets  are  in  double 
shear  and  in  bearing  on  a  i-inch 
web-plate.  It  has  already  been 
found  (Art.  35)  that  the  latter 
gives  the  smaller  value  for  a 
i^-inch  rivet;  this  value  is  9,630 
pounds.  As  the  distances  of 
the  rivets  from  the  neutral  axis 
are  2,  6,  10,  13,  16,  19,^  22,  and 
25^  inches,  and  as  there  are 
four  rivets  at  each  of  these 
distances,  the  moment  of  re- 
sistance of  the  rivets  is,  accord- 
ing to  the  formula  given  in  Design  of  Plate  Girders^  Part  1, 
9,630  X  4  X  (2'  +  6'  +  10'  4-  13'  +  16*  +  19*  +  22'  4-  25.125') 

25.125 
=  3,130,000  inch-pounds 
The  moment  that  the  web  can  bear  is  given  by  the  formula 

M  =  —^  {Design  of  Plate  Girders,  Part  1).     In  the  present 

8 

case,  the  value  of  j  for  bending  stress  is  16,000  pounds  per 
square  inch,  /  =  i  inch,  and  A  =  66  inches;  then, 

M  =  ^6>QQ0  X  .5  X  66'  ^  4  356,000  inch-pounds 
8 
Since  this  is  greater  than  the  resisting  moment  that  has 
been  found,  it  is  necessary  to  use  more  rivets.  As  the  rivets 
farthest  from  the  neutral  axis  are  the  most  effective,  we 
shall  begin  another  row  outside  of  the  first  two  rows,  and 
first  compute  the  moment  of  resistance  of  a  few  rivets  near 
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the  fiancees.  Let  us  first  try  two  rivets  at  the  top  and  two  at 
the  bottom,  at  distances  of  25.125  and  22  inches  from  the 
neutral  axis.  The  moment  of  resistance  of  these  four 
rivets  is 

2  ^  9^  X  (J +  25.126:)  ^  856.000  inch-pounds. 

which,  added  to  that  already  found,  gives  3,130,000  +  855,000 
=  3,985,000  inch-pounds.  This  is  still  too  small.  Let  us  try 
one  more  rivet  at  the  top  and  one  at  the  bottom  in  the  same 
row,  each  19  inches  from  the  neutral  axis.  The  moment  of 
resistance  of  these  two  is 

2  ^  9>^X^9'  =  277,000  inch-pounds, 

which,  added  to  that  already  found,  gives  3,985,000  +  277,000 
=  4,262,000  inch-pounds.  This  is  still  too  small.  Let  us  try 
one  more  rivet  at  the  top  and  one  more  at  the  bottom  in  the 
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from  the  neutral  axis.  The 
moment  of  resistance  of 
these  two  is 

g      9,630  X  16' 
25.125 
=  196,000  inch-pounds, 
which,  added  tp  that  already 
found,  gives  4,262,000 
+  196,000  =  4,468,000 
inch-pounds.     This    is    a 
little  larger  than  the  mo- 
ment  of  the  web,  and  is, 
therefore,  sufi&cient.  Three 
splice  plates  on  each  side 
of  the  web  will  now  be  used 
instead  of  one,  the  top  and 
bottom  plates  having  three 
rows  of  rivets  on  each  side  ^*°-  ^^ 

of  the  splice  and  the  middle  plate  two  rows.  It  is  neces- 
sary to  rearrange  the  spacing  of  the  rivets,  so  that  there 
will  be  the  proper  distance  from  the  edge  of  each  plate  to 
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the  nearest  rivet,  and  i  inch  clearance  between  the  plates 
(see  B.  S,y  Art.  41).  The  spacing  represented  in  Fig:.  15 
will  be  used;  this  changes  the  location  of  the  rivets,  and  it  is 
well  to  recompute  the  moment  of  resistance  of  the  rivets  in 
the  entire  splice.  That  moment  is  as  follows:  M  =  9,630 
X  [4  X  (2*  +  6.5'  +  9*  +  12.5')  4-  6  X  (16.125*  4-  19.125' 
+  22.125*  +  26.125')]  -r  25.125  =  4,433,000  inch-pounds, 
which  is  larger  than  the  moment  of  resistance  of  the  web,  and 
therefore  sufficient.  It  is  unnecessary  to  calculate  the  moment 
of  resistance  of  the  splice  plates;  if  the  plates  on  each  side  have 
an  area  on  a  vertical  section  75  per  cent,  that  of  the  web,  their 
moment  of  resistance  will  be  greater  than  that  of  the  web. 

41.  Bearings. — Since  the  abutments  are  granite,  for 
which,  according  to  B,  5.,  Art.  29,  the  allowable  intensity 
of  pressure  is  500  pounds  per  square  inch,  and  the  end 
shear,  which  is  equal  to  the  reaction,  is  240,600  pounds,  the 
required  area  of  bearing  is  240,600  -s-  500  *=  481.2  square 
inches.  In  Art.  26,  it  was  stated  that  the  bedplates  would 
be  made  22  inches  long;  the  required  width  is,  therefore, 
481.2  -r  22  =  21.9  inches.     They  will  be  made  22  inches  long. 

42.  End  Stiffeners. — The  formula  given  in  Design  oi 

Plate  Girders,  Part  1,  for  the  required  thickness  of  end  stif- 
feners is  /'  =  ~ — TT-.     In  the  present  case,  R  =  240,600 

nsi,\b-'t) 

pounds,  and,  according  to  B,  S,,  Art.  29,  the  allowable 
intensity  of  bearing  s^  is  18,000  pounds  per  square  inch. 
The  outstanding  legs  of  the  flange  angles  are  6  inches  wide; 
then,  according  to  B.  5.,  Art.  55,  the  stiffeners  will  be 
5  in.  X  Si  in.  It  will  first  be  assumed  that  there  are  four 
stiffeners;  this  gives 

//  =  240,600 ^    743  ^^^ 

4xl8,000x(5-i) 
When   the   required    thickness    of    stiffeners   comes   out 
greater  than  f  inch,   as  in  this  case,  it  is  generally  con- 
sidered advisable  to  use  more  stiffeners.     Using  eight  gives 
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As  this  thickness  is  less  than  t  inch,  it  will  be  adopted,  and 
eight  stiffeners  5  in.  X  Sk  in.  X  t  in.  with  reinforcing  plates 
under  them  will  be  used.  The  stiffeners  will  be  riveted  to 
the  girder  with  i-inch  rivets.  The  value  in  single  shear, 
6,610  pounds  (Table  XL),  is  found  to  be  the  smallest 
value.  Then,  the  number  of  rivets  required  to  connect  each 
stiffener  is 

^'^.  =  4.55,  or,  say,  5  rivets 
8X6,601 

43.  XAteral  System. — ^The  lateral  truss  represented  in 
Fig.  16  will  be  used  for  both  the  upper  and  the  lower  flange; 
the  end  frames  will  be  about  52  feet  apart,  which  makes  it 
possible  to  use  eight  panels  at  6  feet  6  inches  each.  The 
wind  load  is  given  in  B.  5.,  Art.  27.  The  pressure  on  the 
lower  half  of  the  girder,  about  3  feet  in  depth,  is  resisted  by 
the  lower  laterals;  the  pressure  of  50  pounds  per  square  foot, 
or,  in  this  case,  3  X  50  =  150  pounds  per  linear  foot,  evi- 
dently causes  the  greatest  stresses  in  the  lower  lateral  truss. 
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Then,  the  panel  load  for  the  lower  lateral  truss  is  150  X  6.5 
=  976  pounds.  The  pressure  on  the  upper  half  of  the 
girder,  and  on  the  rails  and  ties,  say  4  feet  in  depth,  together 
with  the  pressure  of  300  pounds  per  linear  foot  on  the  train, 
are  resisted  by  the  upper  lateral  system.  The  pressure  on 
the  train — together  with  30  pounds  per  square  foot,  or 
4  X  30  =  120  pounds  per  linear  foot  on  the  girders,  ties, 
and  rails — evidently  causes  greater  stresses  than  50  pounds 
per  square  foot  on  the  girders,  ties,  and  rails  alone.  The 
live  wind  panel  load  for  the  upper  lateral  system  is,  there- 
fore, 300  X  6.5  s  1,950  pounds,  and  the  dead  wind  panel 
load,  120  X  6.6  »  780  pounds. 
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44.  The  end  panel  of  the  upper  lateral  truss  will  first 
be   considered.     The   live-load   shear  is   ^'^^  ^  ^  =  6,826 

780  yc  7 
pounds,  and  the  dead-load  shear  is  — j^—  =  2,730  pounds. 

The  total  shear  is,  therefore,  6,826  -f-  2,730  =  9,656  pounds. 
The  panel  length  is  the  same  as  the  distance  center  to  center 
of  girders;  so  the  inclination  of  the  laterals  is  about  45^; 
CSC  45°  =  1.414.  The  direct  stress  in  the  diagonal  is  9,555 
X  1.414  =  13,510  pounds,  tension  when  the  wind  blows  in 
one  direction,  and  compression  when  in  the  other  direction. 
According  to  B.  5.,  Art.  34,  the  member  must  be  designed 
for  13,510  +  .8  X  13,510  =  24,320  pounds  tension  and  com- 
pression. Dividing  by  16,000  gives  24,320  -5-  16,000  =  1.52 
square  inches  net  section  required  to  resist  the  tension. 

45,  According  to  B.  5.,  Art.  86,  the  smallest  angle 
that  can  be  used  for  lateral  bracing  is  3i  in.  X  3i  in.  X  I  in. 
In  Table  IX  the  gross  area  of  this  angle  is  given  as 
2.48  square  inches.  The  number  of  holes  to  be  deducted 
depends  on  the  method  of  riveting  the  angle  to  the  con- 
nection plate.  Fig.  17 
shows    a   connection 

4-1     Loferaf  An^  jfxj^xj'  \  frequently  used:   the 


tip 


short  angle  a  riveted 
lu^ /l/f^Mjfxsfx  f  to  the  main  angle  at 

ji'4*  J-'-i  ^®  ®^^  ^^  called  a  lug 

0     „      ^„  angle,  and  serves  the 

^4  r  i  T^^  1     purpose  of  transmit- 


.  . ; /  « « 

^   (p     (|)  1  ting  the  stress  from 

the  leg  b  of  the  main 


^*®  ^'  angle  to  the  connec- 

tion plates.  In  practice,  the  number  of  rivets  connecting  the 
two  angles  is  usually  made  one  more  than  half  the  number 
required  to  connect  the  lateral  to  the  connection  plate. 
With  rivets  spaced  as  shown,  1.5  holes  must  be  deducted, 
according  to  B.  5.,  Art.  33.  As  the  angle  is  f  inch  thick, 
the  area  of  cross-section  of  one  hole  is  .376,  and  of  1.6  holes, 
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1.5  X  .375  —  .5625  square  inch.  Deducting  this  from  2.48 
leaves  1.92  square  inches  net  section.  As  only  1.52  is 
required,  this  angle  is  large  enough  so  far  as  tension  is 
concerned. 

46.  The  distance  center  to  center  of  girders,  measured 
along  a  diagonal,  is  6.5  X  1.414  =  9.19  feet  =  110  inches, 
nearly.  The  ends  of  the  laterals  are  riveted  to  the  con- 
nection plates,  so  that  the  unsupported  length  may  be  taken 
as  the  distance  between  connections,  or  about  18  inches  at 
each  end  shorter  than  the  distance  between  girders,  leaving 
110  —  2  X  18  =  74  inches  unsupported.  Table  IX  gives  the 
least  radius  of  gyration  as  .69  inch;  then, 

-  =  ^  =  107.25 
r       .69 

Table  XXXV  gives  the  allowable  intensity  of  compressive 

stress  as  9,760  pounds;  as  the  gross  area  is  2.48  square 

inches,  the  strength  of  the  angle  is  2.48  X  9,760  =  24,200 

pounds.     This  is  very  nearly  equal  to  24,320,  the  required 

strength,  and  so  this  angle  is  sufficiently  large. 

47.  As  the  span  imder  consideration  is  less  than  75  feet 
long,  it  will  be  shipped  riveted  up  complete.  That  is,  the 
rivets  connecting  the  laterals  to  the  lateral  plates  will  be 
shop-driven,  and,  according  to  B.  5.,  Art.  89,  the  values 
given  in  Table  XL  will  be  used.  Table  XL  gives  the  value 
of  a  i^-inch  rivet  in  single  shear  as  6,610  pounds;  the  required 
number  of  rivets  is  then  24,320  -r  6,610  =  3.7,  or,  say, 
4  rivets.  As  the  Si"  X  Si"  X  i^'  angle  i^  strong  enough  in 
the  end  panel  of  the  upper 
lateral  system,  it  is  sufficient  //P2S/A 
in  all  other  panels,  and  so 
there  is  no  need  in  this  case 
of  making  any  computations 
for  the  other  angles. 

48.  The  amount  of  wind 
pressure  that  is  transmitted 
to  the  abutments  by  the  end  ^*' " 

frames  (a  diagram  of  which  is  shown  in  Fig.  18)  can  be  found 
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Nnmber  and  location  of  tracks     One  street-railway  track  at 

center  of  roadway 

Tx^aHifig  As  given  in  B.  S.,  Art.  98  (2)  and  (5) 

Description  of  abutments Cement-concreU  abutments 


Distance  from  floor  to  clearance  line    Not  more  than  6  feet 

"      "  high  water ^^?^ 

"        •'      "  low  water 


20  feet 


25  feet 


nver  bottom 

Character  of  river  hnttnm         ^  ^^  of  f^ud  and  silt,  then 
solid  rock 


Usual  season  for  floods. 


March  and  April 


Name  of  nearest  raikoad  station      Scranton,  Pennsylvania 


Distance  to  nearest  railroad  station Smiles 

Time  limit (?  months  from  award  of  contract   

Name  of  RnginP^r  International  Textbook  Company 

Scranton,  Pennsylvania 


Address  of  Engineer 

Remarks     Bridge  to  have  ornamental  railing  3  feet  9  inches 
high  at  each  side  of  bridge.      The  top  of  bridge  seat  must  be  kept 
above  high-water  line 

2.  Plans. — The  plans  for  some  parts  of  this  bridge  are 
shown  in  Bridge  Drawing.  The  student  is  advised  to  consult 
those  plates  frequently  during  the  study  of  this  Section. 

3.  Kind  of  Bridge. — The  first  step  is  to  determine  the 
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kind  of  bridge.     As  the  distance  from  the  floor  to  the  clear- 
ang^  lin^  is  limited  to  6  feet,  it  is  evident  thftt  ^  through 
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bridg:e  must  be  used,  there 
not  being:  sufficient  room 
for  a  deck  bridge.  As  the 
span  is  160  feet,  pin-con- 
nected trusses  must  be 
used  (^.5.,  Art.  91).  Ac- 
cording to  B.  5.,  Art.  229, 
panels  from  20  to  30  feet. 
in  length  are  best  for  pin- 
connected  trusses:  eight 
panels  20  feet  long  will  be 
used.  If  a  simple  Pratt 
truss  is  chosen,  with  a 
depth  of  27  feet,  which  is 
about  one-sixth  of  the 
span,  the  angle  between 
the  inclined  web  members 
and  the  lower  chord  will 
be  about  53°  30^.  This 
angle  is  greater  than  60°, 
as  required  in  B.  5.,  Art. 
92,  and  hence  a  depth  of 
27  feet  will  be  adopted. 
The  outline  of  the  truss  is 
shown  in  Fig.  1. 

4.     Width  of  Bridgre. 

The  data  require  that  the 
trusses  shall  be  located 
between  the  roadway  and 
the  sidewalks,  and  that  the 
roadway  shall  have  a  clear 
width  of  25  feet  between 
wheel-guards.  According 
to  B.  5.,  Art.  125,  the 
edges  of  the  wheel-guards 
toward  the  roadway  will  be 
6  inches  from  the  clearance 
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lines  of  the  trasses,  making:  the  clear  distance  between  the 
latter  26  feet.  The  width  occupied  by  a  truss  depends 
on  the  width  of  the  widest  members;  for  pin-connected 
trusses  it  is  seldom  less  than  18  inches.  In  the  present  case, 
the  width  will  be  assumed  to  be  24  inches.  If  the  desig:n 
works  out  more  or  less  than  this,  it  may  be  slig:htly  chang:ed. 
With  a  width  of  2  feet  for  each  truss,  the  distance  center  to 
center  of  trusses  is  28  feet,  and  the  distance  between  the 
clearance  lines  of  the  trusses  toward  the  sidewalks  is  30  feet. 
As  the  data  require  2  sidewalks  6  feet  wide,  the  distance 
between  the  railings  will  be  30  +  6  +  6  =  42  feet.  Fig.  2 
shows  the  assumed  width  and  location  of  trusses  and  the 
location  of  railings.  

DESIGN  OP  FLOOR  SYSTEM 


STRINGERS 

5.  Cross-Section  of  Floor. — The  cross-section  of  floor 
usually  employed  for  this  type  of  bridge  is  shown  in  Fig.  3. 
The  rails  h,  h  for  the  street-railway  track  rest  on  6''  X  6''  ties 
8  feet  long,  marked  g.  When  the  rails  are  the  same  height 
as  the  thickness  of  the  floor  plank,  the  lower  layer  of  plank 
is  spiked  directly  to  the  top  of  the  ties.  When,  as  assumed 
in  the  figure,  the  height  of  the  rail  is  greater  than  the  thick- 
ness of  the  floor  plank,  longitudinal  nailing  pieces  /,  as 
required  in  B.  5.,  Art.  121,  are  spiked  to  the  top  of  the  ties, 
and  the  lower  layer  of  plank  is  spiked  to  the  nailing  pieces. 
For  the  remainder  of  the  roadway,  the  lower  layer  of  plank  d 
is  fastened  to  spiking  pieces  that  are  bolted  to  the  tops  of  the 
steel  beams.  The  upper  layer  c  is  then  spiked  to  the  top  of 
the  lower  layer. 

At  each  side  of  the  roadway,  6''  X  6''  wheel-guards  /are 
bolted  to  the  top  of  the  lower  layer  of  plank;  and  the;side- 
walk  plank  b,  for  which  one  layer  is  sufficient,  is  continued 
right  through  the  truss  out  over  the  wheel-guard.  Tbe  side- 
walk plank  is  supported  at  other  points  by  steel  beams  with 
spiking  pieces  on  top.     To  prevent  the  ends  of 'the~sidewalk 
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plank  b  and  the  edges  of  the  wheel-g:uards  e  from  being:  worn 
by  the  wheels,  a  guard  angle  a,  usually  2i  in.  X  2i  in.  X  i  in., 
is  fastened  by  screws  to  the  ends  of  the  sidewalk  plank,  as 
shown  in  Fig.  4. 

It  is  customary,  in  order  to  facilitate  drainage,  to  make  the 
sides  of  the  roadway  from  3  to  6  inches  lower  than  the  center; 
they  will  be  made  3  inches 
lower  than  the  center  in 
the  present  case.  The  top  of 
the  guard  angle  is  required 
by  B.  5.,  Art.  126,  to  be 
6  inches  above  the  floor;  this 
brings  it  3  inches  above  the 
top  of  the  floor  at  the  center.  fig.  4 

The  sidewalk  plank  rises  from  the  wheel-guard  toward  the 
raiUng  at  the  rate  of  i  inch  per  foot. 

6.  Spacingr  of  Btrinsers. — In  B.  5.,  Art.  93,  it  is 
specified  that,  for  bridges  carrying  a  street  railway  only, 
stringers  shall  be  spaced  6  feet  6  inches  center  to  center, 
and  that  for  other  bridges  they  shall  be  arranged  to  accom- 
modate the  traffic.  In  the  present  case,  I  beams  will  be 
placed  3  feet  3  inches  on  each  side  of  the  center  line  of 
bridge  under  the  ties,  and  at  intervals  of  3  feet  for  the 
remainder  of  the  floor,  as  shown  in  Fig.  5.  An  I  beam  h  will 
also  be  placed  at  the  center  to  carry  any  loads  that  move 
along  the  center  of  the  car  track.  The  beam  a,  a,  at  the  out- 
side of  the  sidewalk,  under  the  railing,  is  frequently  made 
deeper  than  the  other  sidewalk  beams,  and  is  composed  of  a 
web  and  one  flange  angle  at  top  and  bottom;  it  is  then  called 
a  fascia  ^T^er.  The  actual  location  of  the  fascia  girder 
depends  on  the  type  of  fence  railing  that  is  used,  and  on 
the  connection  of  the  posts  that  support  the  fence.  In  the 
present  case,  the  web  of  the  fascia  girder  will  be  assumed  to 
be  3  inches  outside  of  the  inner  edge  of  the  fence,  making 
the  web  3  fe^t  from  the  next  beam.  If  necessary,  this 
distance  can  be  changed  slightly,  when  detailing,  to  conform 
to  other  details. 
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7.  In  order  to  decrease  the  unsup- 
ported length  of  the  upper  flang:e  of 
the  strinsfers,  so  that  a  hig:her  working: 
stress  may  be  used,  cross-struts,  similar 
to  those  placed  between  the  I  beams  in 
the  highway  bridge  designed  in  Desigft 
of  Plate  Girders^  Part  2,  will  be  placed 
between  the  stringers  at  the  center  of 
the  panels.  The  unsupported  length 
will  then  be  10  feet,  or  120  inches. 
The  weight  of  these  struts  is  so  small 
that  it  will  be  neglected  in  calculating 
moments  and  shears. 

8.  Deslgrn  of  Bldei'ralk   String:- 

ers.— In  B.  5.,  Art.  98  (2),  the  live 
load  is  given  as  either  100  pounds  per 
square  foot  or  a  road  roller  weighing 
15  tons.  The  latter  need  not  be  con- 
sidered  on    the    sidewalk.     Since    the 

1  beams  are  3  feet  apart,  the  live  load 
due  to  the  uniform  load  is  300  pounds 
per  linear  foot  on  beam  b.  Fig.  5.  The 
floor    plank    2    inches    thick     weighs 

2  X  4.5  =  9  pounds  per  square  foot 
(see  B.  5.,  Art.  97),  and  the  part  sup- 
ported by  beam  ^  is  3  X  9  =  27  pounds 
per  linear  foot.  The  spiking  piece  will 
be  assumed  to  weigh  8  pounds  per 
linear  foot,  and  the  I  beam  20  pounds 
per  linear  foot.  The  total  load  sup- 
ported by  the  beam  is,  therefore,  300 
-f  27  -f  8  -f  20  =  366  pounds  per  linear 
foot,  and  the  maximum  bending  mo- 
ment, since  the  floorbeams  are  20  feet 


center  to  center,  is 


355  X  20  X  20 


8 


X12 


=  213,000  inch-pounds 
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If  a  9-mch  21-pound  I  beam  is  used,  the  width  of  the  top 
flans:e  is,  by  Table  XIV,  4.33  inches;  and,  since  the  unsup- 
ported length  is  120  inches,  the  allowable  working:  stress, 
according  to  B.  5.,  Art.  lOS^  is 
ion 
20,000  -  200  X  7^  =  14,460  pounds  per  square  inch 
4.33 

The  required  value  of  section  modulus  is  213,000  -r  14,460 
=  14.73.  As  the  section  modulus  of  a  9-inch  21-potmd 
I  beam  is  greater  than  this  (18.9,  ^ 
Table   XIV),  this  beam  will  be     | 

used.    An  8-inch  20.5-pound  beam     f  — //'-o'- 

could   have    been    used,   but,   as  — *— 


there  is   only  .5   pound  per  foot  **'  * 

difference   between   the  two,  and  as  the  9-inch  beam  is  a 
standard  beam,  it  is  better  to  use  the  latter. 

The  live  load  supported  by  beam  c  is  somewhat  less  than 
that  supported  by  b,  as  part  of  the  width  between  beams  c 
and  d  is  occupied  by  the  width  of  the  truss.  It  is  not 
customary  to  make  allowance  for  this  in  the  design  of 
stringers,  however,  so  that  c  will  be  made  the  same  size  as  b. 

It    is    unnecessary 

to  design  the  fascia 

girder.    The  thinnest 

ZMS'      ^\zj^\         A£S'         i/7s'     allowable  web,  -,\  inch 


Pio.  7 


{B,  5.,  Art.  112). 
and  the  smallest 
allowable  angles,  2j 
in.  X  2iin.  X  A  in.  {B.  5.,  Art.  113),  will  usually  be  found 
to  give  sufficient  strength.  These  sections  will  be  used  in 
the  present  case. 

9.  Desigrn  of  Roadway  Strlngrers. — The  road  roller 
causes  a  greater  bending  moment  on  the  roadway  stringers 
than  the  uniform  load.  The  live  load  on  a  stringer  due  to 
the  road  roller,  according  to  B.  5.,  Art.  110  and  Art.  98  (2), 
is  represented  in  Fig.  6.  The  maximum  bending  moment 
on  the  beams  e  and  /,  Pig.  6,  is  found  to  occur  under  one  of 
the  loads  when  that  load  is  2.75  feet  from  the  center  of  the 
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panel,  as  shown  in  Fig.  7,  and  is  315,400  inch-pounds. 
Since  the  I  beams  d,  e,  and  /,  Fig.  5,  are  3  feet  apart,  the 
dead  load  on  e  and  /  due  to  the  floor  plank  is  3  X  5  X  4.5 
=  67.5  pounds  per  linear  foot.  The  nailing  piece  will  be 
assumed  to  weigh  10  pounds,  and  the  I  beam  30  pounds, 
giving  a  total  dead  load  of  107.5  pounds  per  linear  foot. 
The  dead-load. moment  at  the  section  of  maximum  live-load 
moment,  2.75  feet  from  the  center,  is  59,600  inch-pounds, 
making  a  total  bending  moment  of  315,400  -f-  59,600 
=  375,000  inch-pounds.  If  a  10-inch  30-pound  I  beam  is 
used,  the  width  of  the  top  flange  is,  by  Table  XIV, 
4.8  inches,  and  the  allowable  intensity  of  working  stress, 
since  the  unsupported  length  of  flange  is  one-half  a  panel 
length,  or  120  inches  (Art.  7),  is 
ion 
20,000  -  200  X  4^  =  15,000  pounds  per  square  inch 
4.8 

The  required  section  modulus  is  376.000  -r  15,000  =  2i5. 
As  the  section  modulus  of  a  10-inch  30-pound  I  beam  is 
^  greater  than    this 

;  (26.8,   Table    XIV), 

this    beam    will     be 
used. 

The  live  load  sup- 
ported by  the  beam  d. 
Fig.  5,  is  somewhat 
less  than  the  live  load  supported  by  the  beams  e  and  /, 
but  it  is  customary  to  make  it  the  same  size  as  the  other 
roadway  beams,  and  so  a  10-inch  30-pound  I  beam  will  here 
be  used  for  each  of  the  beams  </,  ^,  and  /. 

10.  The  maximum  reaction  at  the  end  of  a  stringer  is 
found  to  occur,  for  the  loading  represented  in  Fig.  6,  when 
the  load  occupies  the  position  represented  in  Fig.  8.  The 
live-load  reaction  is  7,250  pounds,  and,  since  the  dead  load 
is  107.5  pounds  per  linear  foot,  the  dead-load  reaction  is 
1,075  pounds,  giving  a  total  reaction  of  8,325  pounds.  The 
connection  to  the  floorbeam  will  be  designed  in  Design  o£  a 
Highway  Truss  Bridge,  Part  2. 


. iflO'- 


-s^' 
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11.    Desifirn   of    Btrlngrers   Under   Railway  Track. 

The  weight  of  the  street  car  is  given  in  B.  5.,  Art.  98  (4). 
One-half  of  it  will  be  assumed  to  go  to  each  rail;  the  rails 
will  be  taken  5  feet  center  to  center.  As  the  load  on  each 
axle  is  20,000  pounds,  the  load  on  each  wheel  will  be 
10,000  pounds.  The  two  wheels  on  each  axle  are  located 
as  shown  in  Fig.  9,  with  respect  to  the  I  beams  g  and  h\ 


t^s- 


-s^o^ 


SO'' 


39' 


Pio.f 


30^  ' 
-  39' 


9'^ 


rvt^^ 


,^ 


H  X  10,000,  or  7,692  pounds,  goes  to  each  of  the  beams 
marked^;  and  2  X  A  X  10,000,  or  4,615  pounds,  goes  to  the 
beam  h  at  the  center.  The  maximum  bending  moment  on  a 
stringer  occurs  when  there  are  two  wheels  in  a  panel,  one 
being  1.25  feet  from  the  center  and  the  other  3.75  feet  on  the 
other  side  of  the  center.  The  loading  for  beam  g  is  shown 
in  Fig.  10,  the  maximum  moment  being  706,700  inch-pounds, 
at  1.25  feet  from  the  center.  According  to  B.  5.,  Art.  99, 
there  must  be  added 
to  this,  to  provide  for 
impact  and  vibration, 
Ax  706,700  =  212,000 
inch-pounds,  giving  for 
the  total  live-load  mo- 
ment, including  the 
allowance  for  impact  and  vibration,  918,700  inch-pounds. 
The  load  on  the  leeward  stringer  is  increased  on  account  of 
the  wind  pressure  on  the  side  of  the  car.  The  wind  pressure 
per  linear  foot,  as  given  in  B,  5.,  Art.  100,  is  250  pounds, 
applied  6  feet  above  the  top  of  the  rail.  The  length  of  the 
car  will  be  assumed  as  40  feet;  the  total  pressure,  therefore, 
is  40  X  250  s  10,000  pounds,  and  the  overturning  moment. 
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accOTdme  to  B,  5..  Art.  100.  is  10,000  X  6  =  60,000  foot- 
posads.  Since  the  rails  are  5  feet  center  to  center,  the 
increase  in  the  load  on  the  leeward  rail  is  60,000  -s-  5  =  12,000 
poznds.  one-qnarter  of  which,  3.000  pounds,  goes  to  each 
of  the  fonr  wheels  on  the  leeward  side,  and  if  X  3,000 
=  i$I*S  pounds  goes  to  the  stringer  marked  g.  The  bend- 
ing moment  dne  to  this  increase  is  fonnd  to  be  212,000  inch- 
poonds.  which  makes  the  total  bending  moment  1.25  feet 
from  the  center,  exclusive  of  dead  load,  1,130,700  inch-ponnds. 


12.  The  dead-weight  of  the  ties,  nailing  pieces,  rails,  and 
foor.  including  one-half  the  width  of  floor  between  the 
beams  g  and  /  (see  Fig.  5).  will  be  assumed  to  be  equally 
distributed  among  the  three  beams  g^  k^  and  g^  as  shown  to 
larger  scale  than  before  in  Fig.  11.    The  ties,  according  to 


Pm.n 

B.  S..  An.  li!l,  will  be  6  in.  X  6  in.  X  8  ft.,  spaced  15  inches 
center  to  center.  The  weight  of  each  tie  is  108  pounds, 
corresponding  to  S6.4  pounds  per  linear  foot  of  track  (since 
the  ties  are  spaced  1.25  feet  center  to  center).  The  com- 
bined weioht  of  the  nve  spiking  pieces  will  be  assumed  to  be 
lo  pounds  per  linear  toot,  and  of  the  two  rails,  40  pounds 

w  Vv"^^^-  •^''^"    ^^^""^  ^^^  ^^^^  *^  ^  inches  thick,  and  a  width 
or  i  :eet  ^  inches  is  supported  by  the  three  beams,  the  weight. 
o.  ih:s  portion  is  o  \  4.5  X  9.5  =  213.75  pounds  per  linear- 

thr.^  >    '       "'-'^^^  '^"^  ^"'^^^  dead-weight  supported  by  ther 
tnrte  i^ams.  not  including  their  own  weight, 

and  th  u  r'  "^  "*''  ■"  "^^- -^  =  ^^15  Ponnds  per  linear  foot. 


§77     DESIGN  OF  A  HIGHWAY  TRUSS  BRIDGE       11 

13.  The  weig:ht  of  the  beam  g  will  be  assumed  to  be 
&5  pounds  per  linear  foot,  making  the  total  dead  load  on 
this  beam  125  +  55  =  180  pounds  per  linear  foot.  The 
dead-load  moment  at  the  section  where  the  live-load  moment 
is  greatest,  that  is,  at  1.25  feet  from  the  center  of  the  panel, 
is  106,300  inch-pounds.  The  total  bending  moment  is,  there- 
fore, 1,130,700  -f-  106,300  =  1,287,000  inch-pounds.  If  an 
18-inch  55-potmd  beam  is  used,  as  the  width  of  the  flange 
(Table  XIV)  is  6  inches  and  the  unsupported  length  of  the 

top  flange  is  120  inches,  the  ratio  —  will  be  20.     Accord- 

w 

ing  to  B.  5*.,  Art.   103,  the  allowable  working  stress  is 

16,000  pounds  per  square  inch.    Then,  the  required  value 

of  the   section  modulus   is   1,237,000  4-  16,000  =  77.3.     In 

Table   XIV,  the  section  modulus  of  an  18-inch   55-pound 

beam  is  found  to  be  88.4,  which  is  greater  than  the  required 

value.     This  beam  will  be  used  for  beams  g. 

14.  The  amount  of  load  that  goes  to  beam  g  from  each 
wheel  was  found,  in 

Art.  11,  to  be  7,692    J 

pounds.  The  maxi- 
mum live-load  shear 

is  found  to  occur  at 

the  end,   when    two 

loads  are  in  a  panel, 

as  represented  in  Fig.  12,  and  is  equal  to  13,460  pounds. 

The  allowance  for  impact  and  vibration  is  A  X  13,460 
=  3  X  1,346  =  4,040  pounds;  and  the  allowance  for  the 
overturning  effect  of  the  wind  is  4,040  pounds.  Since  the 
dead  load  is  180  pounds  per  linear  foot,  the  dead-load  shear 
at  the  end  is  equal  to 

^^^^  =  1,800  pounds, 

niaking  the  total  shear  at  the  end 

13,460  -f-  4,040  -f-  4,040  -f-  1,800  =  23,340  pounds 
The  connection   to   the   floorbeam   will   be   designed  in 
^^sign  ol  a  Highway  Truss  Bridge,  Part  2. 

136—12 
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15.  Design  of  Center  Strlnser. — The  amount  of  load 
diat  goes  to  the  beam  k^  Fi^.  5,  from  each  axle  was  found 
in  Art.  11  to  be  4.615  pounds.  The  maximum  bendin^f 
moment  is  found  in  the  same  way  as  for  beam  ^  at  a  section 
1.25  feet  from  the  center,  and  is  424,000  inch-pounds. 
The  allowance  for  impact  and  Tibration  is  A  X  424,000 
=  127.200  inch-pounds.  It  is  unnecessary  to  allow  for  any 
increase  due  to  the  wind:  the  overtuminc:  tendency  of  the 
wind  increases  the  load  on  the  leeward  rail,  but  at  the  same 
time  decreases  the  load  on  the  windward  rail  by  an  equal 
amount,  and,  since  beam  k  gets  its  load  from  both  rails,  the 
amount  that  eoes  to  it  is  neither  increased  nor  diminished. 

The  dead  load  supported  by  the  beam  A  has  been  found 
to  be  125  pounds  per  linear  foot;  the  weight  of  the  beam 
will  be  assumed  to  be  40  pounds  per  linear  foot,  making  the 
total  dead  load  165  pounds  per  linear  foot.  The  dead^load 
moment  at  the  section  where  the  live-load  moment  is  greatest, 
that  is.  at  1.25  feet  from  the  center  of  the  panel,  is  97,500  inch- 
pounds.     The  total  bending  moment  is,  therefore, 

424.W0  -h  127,200  4-  97.500  =  648,700  inch-pounds 

It  a  12-inch  40-pound  beam  is  used,  as  the  width  of  flange 
(Table  XIV)  is  5.25  inches,  and  the  unsupported  length  of 
the  top  tlano;e  is  120  inches,  the  allowable  intensity  of  bend- 
ing stress  [B.  S.,  Art.  103)  is 

2v\000  -  2iK^  X  ^1  =  15.430  pounds  per  square  inch 
o.2o 

Then,  the  required  section  modulus  is  648,700  -r-  15,430 

=  42.04.     In  Table  XIV.  the  section  modulus  of  a  12-inch 

4tVpour.d  I  beair.  is  found  to  be  44.8.  which  is  greater  than 

the  recjuired  value,  and  this  is  the  lightest  beam  that  can  be 

used.     A  r2>inch  4(>- pound  I  beam  will  be  chosen  for  beam  k, 

l(i.     The  n^aximum  live-load  shear  is  found  in  the  same 
way  as  tor  beam  jc  to  be  S.OSO  potmds.     The  allowance  for 
imp»Kn  and  vibration  is  A  \  S.080  =  2,430  pounds.     Since 
the  dead  load  is  1^3  pounds  per  linear  foot,  the  dead-load, 
shear  is  l.t>50  pounds,  making  the  total  shear  at  the  end 
8,0c>0  -r  2.42l^  -  1,650  =  12.150  pounds 
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INTERMEDIATE  FLOOHBEAMS  AKD  BRACKETS 

17,    Lengrth  and   Depth, — The  roadway  is   supported 

hj  floorbeams  attached  to  the  trusses  at  the  panel  points. 
The  sidewalks  are  supported  on  brackets  outside  of  the 
tmsses.  These  brackets  are  soraetinnes  continuations  of 
the  floorbeams  and  sometimes  independent;  in  the  latter 
case,  they  are  riveted  to  the  vertical  posts  of  the  trusses  on 
the  Side  opposite  that  to  which  the  floorheam  is  riveted*  and 

»the  flanges  of  the  brackets  are  connected  with  the  flanges 
t>f  thefloorbeams  in  such  a  way  that  the  brackets  and  floor- 
beam  act  as  a  single  beam.  The  method  of  connection  that 
wjJl  be  employed  in  the  present  case  will  be  discussed  in 
^sign  of  a  Highway  Tn4ss  Bridge^  Part  2* 

The  total  length  of  the  beam,  including  the  brackets,  is 
^e  distance  between  the  fascia  girders;  in  the  present  case, 
'"^s  distance  is  42  feet  6  inches,  as  shown  in  Fig,  5.  The 
^''Stance  betw^een  the  supports  is  equal  to  the  distance  center 
^'^  center  of  the  trusses,  or  28  feet.  The  depth  of  floorbeam 
^11  be  made  equal  to  one-eighth  the  distance  between 
trusses,  or  28  -s-  8  =  3*3  feet.  The  load  is  transmitted  to 
^^  beam  by  the  stringers;  their  location  a,  b,  r,  etc.,  along 
the  beam,  and  the  location  of  the  trusses  A  and  B  are  shown 

^B  1^8.  Dead  Ijoad.~The  railing^  ordinarily  wei^^hs  about 
^Kr  pounds  per  linear  foot»  and  the  fascia  girder  about 
^B^  pounds  per  linear  foot;  in  the  present  case,  the  two 
^^gr^ther  will  be  assumed  to  weigh  75  pounds  per  linear  foot. 
Sicioe  the  distance  center  to  center  of  the  floorbeams  is 
^  €eet,  the  amount  of  load  that  goes  to  the  end  of  each 
^^rn  or  bracket  is  20x75  ^  1,500  pounds  (a.  Fig.  13), 
Tli^  dead  load  on  each  sidewalk  stringer  was  found  in 
^^,  8  to  be  65  pounds  per  linear  foot;  therefore,  the  load 
"i^t:  comes  to  the  floorbeam  at  each  sidewalk  stringer  is 
^  ^55  =  1,100  pounds  {b  and  e,  Fig,  13).  The  dead  load 
^^  each  roadway  stringer  was  found  in  Art,  9  to  be 
^^-5  pounds  per  linear  foot;  therefore,  the  load  that  comes 
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to  the  floorbeam  at  each  roadway 
stringer  is  20  X  107.5  =  2,180 
pounds  {d,  e^  and  /,  Fig.  13). 
The  dead  load  on  each  of  the 
stringers  g  tinder  the  railway 
track  was  found  in  Art.  13  to  be 
180  pounds  per  linear  foot;  there- 
fore, the  load  that  comes  to  the 
floorbeam  at  each  of  these  string- 
ers is  20  X  180.  =  3,600  pounds 
(^,  Fig.  13).  The  dead  load  on 
the  center  stringer  was  found  in 
Art.  15  to  be  165  pounds  per 
linear  foot;  therefore,  the  load 
that  comes  on  the  floorbeam  at 
the  center  is  20  X  165  =  3,300 
pounds  (A,  Fig.  13). 

19.  No  rule  or  formula  can  be 
given  by  means  of  which  the 
weight  of  brackets  and  floorbeams 
can  be  calculated.  In  every  case 
it  is  necessary  to  estimate  first, 
and  then  correct  the  estimate. 
An  experienced  designer  will  esti- 
mate closely  the  first  time.  In  the 
present  case,  the  weight  of  each 
bracket  will  be  assumed  to  be 
75  pounds  per  linear  foot,  and 
the  weight  of  the  floorbeam  126 
pounds  per  linear  foot.  As  the 
loading  is  symmetrical  about  the 
two  supports  A  and  B^  Fig.  13, 
each  reaction  is  equal  to  one-half 
the  sum  of  all  the  loads  on  the 
beam  and  brackets,  together  witlB^ 
one-half  the  weight  of  beam  anA^ 
bracket,  or  17,694  pounds.    Fig.  19 


§77    DESIGN  OF  A  HIGHWAY  TRUSS  BRIDGE       16 


shows  the  total  dead  load  on  the  floorbeam  and  the  dead- 
load  reactions. 

20.  Bead-Iioad  Shears. — ^As  a  rule,  it  is  sufficient  to 
find  the  shears  on  the  bracket  and  on  the  floorbeam  at  sec- 
tions close  to  the  trusses.  Considerinsf  the  left  truss  A, 
Fig.  13,  the  shear  on  the  bracket  just  to  the  left  of  A  is 
neg^ative  and  equal  to  4,240  pounds,  and  that  on  the  floorbeam 
just  to  the  right  of  A  is  positive  and  equal  to  13,450  pounds. 
If  it  is  found  necessary  in  the  desig^n  of  the  web  and  the 
computation  of  rivet  pitch  to  know  the  shears  at  other  sec- 
tions, they  can  be  computed  later  at  sections  between  the 
stringer  connections. 

21.  Dead-Iioad  Moments. — As  a  rule,  it  is  sufficient 

to  find  the  moment  on  the  bracket  where  it  connects  to  the 

truss,  and  on  the  floorbeam  at  the  center  of  the  bridge. 

The  moment  on  the  bracket  where  it  connects  to  the  truss  is 

negative,  and  equal  to  226,800  inch-pounds.     The  moment 

on  the  floorbeam  at  the  center  is  positive,   and  equal  to 

1,029,500  inch-pounds.     If  it  is  found  necessary  in  the  design 

of  the  flanges  to  know  the  moments  at  other  sections,  they 

can  be  computed  later  at  the  sections  where  the  stringers 

oonnect  with  the  floorbeams. 

22.  Liive  lioad. — The  uniform  live  load  is  100  pounds 
X>er  square  foot  iB.  5.,  Art.  98  (2)].     According  to  B.  5., 
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Art.  98  (6),  the  tmiform  load  is  to  be  taken  as  covering  the 
entire  floor  except  a  width  of  10  feet  for  the  car  track.  In 
the  design  of  floorbeams  in  a  bridge  that  carries  a  street-car 
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track,  it  is  customary  to  consider  only  the  uniform  load 
and  the  weig:ht  of  a  street  car,  and 
to  ignore  the  effect  of  the  road 
roller,  as  it  will  probably  never  cross 
the  bridfife  at  the  same  time  as  a 
street  car.  The  portion  of  the  width 
occupied  by  the  truss  and  wheel- 
guard — in  this  case,  2  feet  6  inches 
at  each  side — is  not  assumed  to  sup- 
port any  live  load. 

The  maximum  load  that  comes 
to  a  floorbeam  from  the  stringers 
marked  ^,  Fig.  5,  occurs  when  the 
loads  in  the  panel  ahead  of  and  in 
the  panel  behind  the  floorbeam  are 
located  as  represented  in  Fig.  14. 
The  portion  of  the  weight  on  one 
wheel  that  goes  to  a  beam  ^  has 
^,  been  found  to  be  7,692  pounds;  then, 
£  the  load  on  the  floorbeam  is  15,384 
pounds.  In  like  manner,  the  load  on 
the  floorbeam  at  the  center  stringer 
is  found  to  be  9,230  pounds.  As 
these  loads  come  from  the  car,  the 
stresses  due  to  them  must  be 
increased  to  allow  for  impact  and 
vibration;  in  the  present  case,  the 
work  will  be  much  simplified  and 
the  results  will  be  the  same  if  the 
foregoing  floorbeam  loads  are 
increased  by  the  proper  amount. 
The  load,  including  impact  and  vibra- 
tion on  the  floorbeam  at  the  center 
stringer,  is,  then,  9,230  -f  tV  X  9.230 
=  12,000  pounds,  and  at  each  of 
the  stringers  marked  ^,  Fig.  5, 
15.384  -f  A  X  15.384   =   20,000 

pounds,   as  shown  in  Fig.   15.    The   increase  in   load  on 
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the  leeward  stringer  is  not  considered  in  the  design  of  the 
floorbeam. 

23.  The  clear  width  of  each  sidewalk  is  6  feet.  Since 
the  panels  are  20  feet  in  length,  the  uniform  load  on  each 
bracket  is^  20  X  100  =  2,000  pounds  per  linear  foot  for  a 
distance  of  6  feet,  and  extends  to  within  1  foot  of  the  center 
line  of  the  truss,  as  represented  in  Fig.  15. 

The  clear  width  of  roadway  between  wheel-guards  is  25  feet. 
Allowing  10  feet  for  the  load  on  the  car  track  leaves  a 
width  of  15  feet,  or  7.5  feet  on  each  side  of  the  track  that  is 
covered  by  the  uniform  load  of  2,000  pounds  per  linear  foot. 
Since  the  edge  of  the  wheel-guard  toward  the  roadway  is 
1  foot  6  inches  from  the  center  line  of  the  truss,  the  uniform 
load  will  extend  to  within  1  foot  6  inches  of  the  center  line, 
as  shown  in  Fig.  15. 

24.  It  is  unnecessary  to  compute  the  amount  of  load 
that  comes  to  the  floorbeam  at  each  sidewalk  and  roadway 
stringer.  If  the  moments  and  shears  are  found  for  the  load- 
ing shown  in  Fig.  15,  the  results  will  be  close  enough  to  the 
actual  values  for  all  practical  purposes.     Since  the  loading 
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is  symmetrical,  the  reactions  at  A  and  B  are  each  equal  to 
one-half  the  total  load  on  the  beam,  or,  in  this  case, 
53,000  pounds. 

25.  Lilve-Iioad  Shears. — The  live-load  shear  on  the 
bracket  just  to  the  left  of  A  is  negative  and  equal  to 
12,000  pounds.  The  live-load  shear  on  the  floorbeam  just 
to  the  right  of  A  is  positive  and  equal  to  41,000  pounds. 
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26«    IiiTe-IiOad  Momeiits. — ^The  live-load  moment  on 
the  bracket  is  nei^ative  and  cn^atest  at  A;   it  is  equal  to 
576,000  inch-ponnds.    The  live-load  moment  on  the  floot- 
beam  is  greatest  at  the  center,  when  there  is  no  live  load  ot^ 
the  overhang^ins^  or  sidewalk  brackets,  and  there  is  a  fu^^ 
load  on  the  floorbeam,  as  shown  in  Fig.  16;  it  is  positive  ao^ 
equal  to  4,533,000  inch-ponnds. 

27.    Beslsrn  of  Floorbeam  Web. — The  total  shear  o^ 
the  floorbeam  at  the  end  is  13,450  +  41,000  =  54,450  pounds  ^ 
It  was  decided  in  Art.  17  that  a  web  42  inches  wide  woulc^ 
be  employed.     It  is  i^ood  practice  in  this  type  of  floor  to  us^^ 
a  thickness  of  web  that  will  require  no  stiffeners  betweei^ 
the   stringier   connections.     Then,   the    smallest    allowable^= 
unsupported   distance   is   the  clear   distance    between   the-^ 
flange  angles,  probably  about  34  inches  in  this  case,  or  the 
clear  distance  between  stringer  connections,  which  is  about 
the  same.     The  connection  of  stringer  d.  Fig.  5,  to  the  floor- 
beam  is  so  close  to  the  end  that  no  stiffeners  will  be  required 
between  the  end  of  the  floorbeam  and  this  connection;  hence, 
the  intensity  of  shearing  stress  at  the  end  of  the  floorbeam 
need  not  be  computed.     The  total  shear  on  the  floorbeam  in 
the  next  space,  that  is,  between  stringers  d  and  e,  must  now 
be  found,  so  that  the  allowable  unsupported  distance  can  be 
determined.     The  shear  is  practically  constant  from  d  to  <r, 
and  if  it  is  found  half  way  between  them,  the  result  will  be 
close  enough.     This  shear  is  found  by  deducting  from  the 
end  shear  the  sum  of  all  the  loads  between  the  end  and  the 
point  at  which  the  shear  is  desired.    The  shear  is  as  follows: 
64,450 -(3.25x125 +  2,150 +1.75X2,000)  =  48,390pounds. 

Using  a  web  I  inch  thick,  the  area  of  cross-section  is 
15.75  square  inches;  the  intensity  of  shear  is  48,390  -=-  15.75 
=  3,072  pounds  per  square  inch,  and  the  allowable  unsup- 
ported distance  (Table  XXXVI)  is  35  inches.  As  this  is 
greater  than  34  inches,  a  42"  X  f  web  will  be  used,  and 
no  stiffeners  will  be  provided  except  at  the  stringer  con- 
nections, which  are  points  of  local  concentrated  loading 
(/?.5.,  Art.  128). 
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28.  Desisrn  of  Floorbeam  Flangres. — The  required 
area  of  flange  will  be  found  from  the  following  formula, 
Sfiven  in  Design  of  Plate  Girders^  Part  1: 

.4  =  —  -  — 
sh,       8 

In  the  present  case,  th  is  15.75  square  inches,  M  is 
1,029,500  +  4.533,000  =  6,562,500  inch-pounds,  s  is  16,000 
pounds  per  square  inch  (B.  5*.,  Art.  103),  and  hg  is  not 
known,  but  will  be  assumed  for  trial  equal  to  the  depth  of 
web,  or  42  inches.  Then, 
jt        5,562,500        15.75       o  oo      i  Ar7      i»  oi  •    «. 

-^  =  16.000X42 8-  "•  ®-^  -  ^-^^  =  ^'^^  '*»'*"*  ^"'^^^ 

For  the  top  flange,  two  4"  X  4"  X  \"  angles  will  be  tried. 
The  gross  area  is  2  X  3.75  =  7.5  square  inches,  and  the 
center  of  gravity  is  1.18  inches  from  the  backs  of  the  angles 
( Table  IX) .  For  the  bottom  flange,  two  4''  X  4''  X  iV'  angles 
will  be  tried.  The  gross  area  of  one  angle  (Table  IX)  is 
4.18  square  inches;  the  area  to  be  deducted  for  one  i-inch 
rivet  (Table  XXVII)  is  .49  square  inch.  Then,  the  net  area 
of  one  angle  is  4.18  —  .49  =  3.69  square  inches,  and  that  of 
two  angles  is  7.38  square  inches.  The  center  of  gravity  of 
the  angles  is  1.21  inches  from  the  backs  of  the  angles.  The 
distance  center  to  center  of  gravity  of  the  flanges  is,  there- 
fore, 42.25  -  1.18  -  1.21  =  39.86  inches.    Using  this  value 

4r.^   h     <r4„-.«     ^  5,562.500  15.75        o  ^^       -  q- 

for   h,   gives    A  =  igoopx  39.86  "  "^  =  ^'^^  -  1.97 

=  6.75  square  inches. 

As  the  flanges  that  have  been  tried  have  the  required  area, 
they  will  be  used,  that  is,  two  4''  X  4''  X  \"  angles  for  the 
top  flange  and  two  4"  X  4"  X  iV'  angles  for  the  bottom  flange. 
As  there  are  no  flange  plates,  and  the  angles  are  continued 
the  full  length  of  the  floorbeam,  it  is  not  necessary  to  draw 
a  curve  of  the  flange  areas  nor  to  calculate  the  moment  at 
any  other  section. 

29.    Flange  Rivets  in  Floorbeams. — The  pitch  of  rivets 

f^  h 

in  the  flanges  win  be  found  by  the  formula  p  =  --^  (see 
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Design  of  Plaie  Girders^  Part  1).  In  Table  XII,  the  cratisre 
line  of  an  an£le  4  indies  wide  is  shown  to  be  2\  inches  from 
the  back  of  the  anj^le.  Since  the  flanfife  an^fles  are  42.25  inches 
back  to  back,  the  distance 

A.  =  42.25  -  2.25  -  2.25  =  37.75  inches 
The  flan^  rivets  are  nsnaUy  f  inch  in  diameter  and  shop 
driven;  according:  to  B.  5*.,  Art.  103,  the  allowable  working: 
stresses  are  11,000  ponnds  per  square  inch  in  shearing:  and 
22,000  ponnds  per  square  indi  in  bearing:.  The  rivets  are  in 
double  shear  and  in  bearing  on  the  |-inch  web-plate.  Con- 
sulting  Table  XL,  the  bearing:  value  is  found  to  be  the 
smaller,  the  value  being  6,190  pounds.  At  the  end  of 
the  floorbeam,  where  the  beam  connects  to  the  truss, 
V  =  54,450  pounds;  therefore* 

=  ^^^^,^,^^'^^  =  4.29  inches  at  end  of  floorbeam 
54,450 

Half  way  between  d  and  ^,  the  shear  was  found  to  be 

48,390  pounds;  therefore* 

P  =  ^'^^o^iJ'^^  =  4.83  inches  from  d  to  e.  Pig.  13 
4o,oyO 

Half  way  between  e  and  /,  the  shear  is  equal  to 

54,450  -  (6.25  X  125  +  2  X  2,150  +  4.75  X  2,000) 

=  39,870  pounds; 

therefore, 

P  =  ^'^^Q^iJ—  =  5.86  inches  from  e  to  /.  Fig.  13 
o*7,o70 

Beyond  /,  the  rivet  pitch  comes  out  greater  than  6  inches* 

and  it  is  unnecessary  to  calculate  it,  as  the  greatest  allowable 

pitch  is  6  inches  (B.  S.,  Arts.  115  and  130).    Consequently, 

a  pitch  of  6  inches  will  be  used  for  the  remainder  of  the  flange. 

30.  Deslgrn  of  Sidewalk  Brackets. — It  is  customary 
to  make  the  sidewalk  bracket  the  same  depth  as  the  floor- 
beam  where  it  connects  with  the  truss,  and  to  make  it  about 
1  foot  deep  at  the  outside  edge  of  the  sidewalk,  as  shown  in 
Fig.  17.  The  web  shear,  rivet  pitch,  and  flange  area  should 
be  computed  at  the  point  or  section  of  maximum  bending 
moment.     This  occurs  where  the  bracket  connects  with  the 
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truss,  which  is  for  convenience  assumed  to  be  the  center  of 
the  truss.  As  a  rule,  if  the  thinnest  allowable  web  is  used, 
and  each  flange  is  made  of  two  of  the  smallest  allowable 
angles— in  this  case,  2i  in.  X  2i  in.  X  A  in.  (B.  5.,  Art.  113) 
— the  bracket  will  have  sufficient  strength. 

The  maximum  total  shear  on  the  bracket  is  the  sum  of  the 
dead  shear,  4,240  pounds,  as  found  in  Art.  20,  and  the  live 
shear,  12,000  pounds,  as  found  in  Art.  25;  its  value  is,  there- 
fore, 16,240  pounds.  If  a  i^-inch  web  42  inches  deep  at  the 
truss  is  used,  then,  as  the  area  of  the  web  is  13.125  square 
inches,  the  intensity  of  shearing  stress  is  16,240  -t-  13.125 
=  1,240  pounds  per  square  inch.  Consulting  Table  XXXVI, 
the  allowable  unsupported  distance  is  found  to  be  about 
50  inches.  This  web  can  therefore  be  used,  and  no  stiff- 
eners  will  be  required 
except  at  stringer  con- 
nections {B.  S.,  Art. 
128). 

The  maximum  bend- 
ing moment  is  226,800 
+  576,000  =  802,800 
inch-pounds.  The 
area  of  flange  is  cal- 
culated by  the  formula 

skf 

tomary  to  consider  the  effect  of  the  web  in  a  sidewalk 
bracket.  The  trial  value  for  hg,  42  inches,  will  first  be  used. 
This  gives,  since  M  =  802,800  foot-pounds  and  s  =  16,000 
pounds  per  square  inch, 

A  =  ^^?^^^  =  1.19  square  inches 
16,000  X  42 

The  gross  area  of  two  2\"  X  2\"  X  tV'  angles  is  2  X  1.46 

=  2.92  square  inches.    Allowing  one  hole  for  a  i-inch  rivet 

in  each  angle,  the  net  area  is  2.92  -  2  X  .273  =  2.37  square 

inches.     As  both  of  these  are  much  greater  than  the  trial 

value  of  the  required  area,  it  is  unnecessary  to  compute  the 

true  values  of  h^  and  A. 


PlO.  17 


A  = 


(see  Design  of  Plate  Girders,  Part  1 ),  as  it  is  not  cus- 
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31.  The  required  pitch  of  rivets  is  found  by  the  formula 

IC  h 
p  =  — jT^.    The  rivets  are  in  double  shear  and  in  bearing  on 

a  web  A  inch  thick.  Consulting  Table  XL,  the  bearing  value 
is  found  to  be  the  smaller,  and  is  5,160  pounds.  The  shear  V 
has  been  found  to  be  16,240  pounds.  The  distance  back 
to  back  of  angles  at  the  deepest  portion  of  the  bracket  is 
42.25  inches.  Consulting  Table  XII,  the  gauge  line  of  a 
2a-inch  angle  is  found  to  be  If  inches  from  the  back  of 
the  angle,  giving  the  value  of  K  =  42.26  -  1.375  —  1.375 
=  39.5  inches.    Then, 

5,160X39.5^^3  6  inches 
^  16,240 

As  this  is  greater  than  the  maximum  allowable  pitch 
[6  inches  {B.  5.,  Art.  130)],  the  latter  will  be  used  through- 
out the  flanges.  

END  FliOORBEAM  AND  BRACKET 

32.  lien^h  and  Depth. — It  is  generally  advisable  to 
leave  the  design  of  the  end  floorbeam  until  after  the  design 
of  the  trusses,  as  the  depth  of  the  floorbeam  must  be  made 
to  conform  to  details  that  depend  on  the  design  of  the  truss. 
For  convenience,  however,  the  end  floorbeam  will  now  be 
designed,  the  depth  being  taken  as  34i  inches,  as  found  in  a 
subsequent  article.  The  length  and  distances  along  the  beam 
and  bracket  are  the  same  as  for  the  other  floorbeams,  as  found 
in  Art.  6. 

33.  Dead  Load. — The  portion  of  the  dead  load  that  goes 
to  the  end  floorbeam  from  the  stringers  is  one-half  that 
shown  in  Fig.  13;  the  weight  of  bracket  will  be  assumed  to 
be  75  pounds  per  linear  foot,  and  of  the  floorbeam  100  pounds 
per  linear  foot.     The  dead  loads  are  shown  in  Fig.  18. 

34.  Dead-IiOad  Shears  and  Moments. — The  shear  on 
the  floorbeam  at  its  connection  to  the  truss  is  7,250  pounds, 
and  the  moment  at  the  center  of  the  floorbeam  is  547,000  inch- 
pounds.  It  is  not  necessary  to  compute  the  shear  and  bending 
moment  on  the  bracket,  which  will  have  sufficient  strength  if 
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the  web  is  made  iV  inch  thick,  and  each  flange  is  composed 
of  two  2i^'  X  2f '  X  ^'  angles, 

35.  XilTe  Load.^The  live  load  on  the  end  floor  beam, 

due  to  the  uniform  load  on  the  floor,  is  one-half  ihat  shown 
in  Fii^.  16,  or  1,000  pounds  per  linear  foot.  The  live  loads 
at  the  stringier s  ^  and  /;  are  more  than  one-half  those  shown 
in  Fi^.  16,  and  are  greatest  when  the  wheels  are  in  the  posi- 
tion shown  in  Fig.  12.  The  loads  at  ^  and  k,  including  the 
allowance  for  impact  and  vibration,  are,  respectively,  17,500 
and  10,600  pounds.  The  live  load^  on  the  end  floorbeam  are 
shown  in  Fig.  19, 

36,  Live-Load  Shears  and  Moments*— The  live-load 
shear  on  the  end  floorbeam  at  its  connection  with  the  iruss 
is  30,250  pounds,  and  the  bending  moment  at  the  center  of 
the  floorbeam  (when  there  is  no  live  load  on  the  brackets)  is 

3,612,000  incb-pouuds. 

37p  Desiipi  of  Web,^ — The  total  shear  on  the  floorbeam 
is  7,250  +  30.250  ^  37,500  pounds.  If  a  i^-inch  web  is 
used,  the  area  of  cross-section  is  34  X  A  =  10*625  square 
inches,  and  the  intensity  of  shearing  stress  is  37,500  ~  10.625 
=  3,530  pounds  per  square  inch.  Consulting  Table  XXX VM, 
it  is  seen  that  the  allowable  unsupported  distance  of  the  web 
is  27  inches.  If  4-inch  angles  are  used  in  the  flanges,  the 
clear  distance  between  them  will  be  26  inches,  and  no 
stiffeners  will  be  required. 


38»     Deslsrii    o^   Flanjfes. — The  ^required    area  of 
flange  will  be  found  from  the  formula 


the 
In 


the  present  case,  ih  is  10.625  square  inches,  M  is  547,000 
+  3,612,000  ^  4,159.000  inch-pounds,  s  is  16.000  pounds  per 
square  inch,  and  h^  is  not  known*  In  the  design  of  the 
intermediate  floorbeams,  it  was  found  that  the  value  of  hg 
was  1.18  -f  1.21  =  2.39  inches  less  than  the  distance  back  to 
back  of  flange  angles.  For  trial,  it  will  be  assumed  that  h^ 
in  the  end  floorbeam   is   the  same  amount  less  than   the 
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distance  back   to  back  of  flang:e   an^^les,  or  34.25  —  2.39 
=    31.86  inches.     Then, 

^  -..ibif^'To.-^  =  816-  1-83 
16,000  X  31.86  8 

=  6.83  square  inches 

For  the  top  flange,  two  4''  X  4''  X  i^'  angles  will  be  tried. 

The  gross  area  is  2  X  3.75  ==  7.50  square  inches,  and  the  center 

of  gravity  is  1.18  inches  from  the  back  of  the  angles.     For 

the  bottom  flange,  two  4''  X  4''  X  A''  angles  will  be  tried.    The 

net  area  of  each  angle,  if  one  }-inch  rivet  hole  is  deducted, 

is  4.18  —  .49  =  3.69   square   inches,   and   of   two  angles, 

7.38  square  inches.    The  center  of  gravity  is  1.21  inches 

from  the  back  of  the  angles.     The  distance  Ag  between  the 

centers  of  gravity  of  the  flanges  is,  then,  34.25  —  1.18  —  1.21 

=  31.86  inches,  as   was  assumed.     The  trial  value  of  the 

required   area   found  is,  therefore,  the  actual   flange   area 

required. 

39.  Flangre  Rivets. — The  pitch  of  rivets  will  be  found 

by  the  formula  p  =  "TF"*     ^°  *®  present  case,  the  value  of 

Fis  7,250  +  30,250  =  37,500  pounds,  and  hr  =  34.25  -  4.5 
=  29.75  inches.  The  rivets  are  in  double  shear  and  in  bear- 
ing on  the  web  A  inch  thick;  the  latter  value  is  the  smaller, 
and  is  5,160  pounds.     Then, 

=  5>1^X29.75  ^  4  09  .^^^^^ 
^  37,500 

This  is  very  nearly  the  same  as  the  pitch  at  the  end  of  the 
intermediate  floorbeam;  hence,  the  same  rivet  spacing  will 
be  used  for  both. 

40.  SldeiTvalk  Bracket. — There  is  no  need  to  design 
the  sidewalk  bracket;  the  web  will  be  made  34  inches  deep 
at  the  truss  and  A  inch  thick,  and  two  2i''  X  2^^'  X  tV' 
angles  will  be  used  in  each  flange. 
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DESIGN  OF   MAIN   MEMBERS   AND 
LATERAL  SYSTEM 


STRESSES  IN  MAIN  MEMBERS 

41.  LilTe-Lioad.  Stresses. — According  to  B.  S., 
Art.  98  (2),  the  uniform  load  on  the  floor  to  be  used  in  the 
desis:n  of  the  trusses  is  80  pounds  per  square  foot  for 
brids:es  100  feet  in  len^^th,  and  60  pounds  per  square  foot 
for  bridges  200  feet  in  length.  The  uniform  load  for  the 
bridge  under  consideration  (160  feet  in  length)  is,  therefore, 
68  pounds  per  square  foot.  The  total  load  on  the  two  side- 
walks is  2  X  6  X  68  =  816  pounds  per  linear  foot,  and  on 
the  roadway,  exclusive  of  a  width  of  10  feet  for  the  car 
track  [B.  5.,  Art.  98  (5)],  is  2  X  7.5  X  68  =  1,020  pounds 
per  linear  foot,  making  the  total  live  uniform  load  on  the 
floor  1,020  +  816  =  1,836  pounds  per  linear  foot.  The  panel 
loads  are  each 

1,836  X  20  ^  jg  3gQ  p^^^g^ 

and  the  reaction  for  each  truss  when  fully  loaded  (neglecting 

the  half -panel  loads  at  each  end)  is 

IM^  =  64.260  pounds 

The  stresses  caused  in  the  chord  members  by  this  portion 
of  the  live  load  are  determined  as  explained  in  Stresses  in 
Bridge  Trusses,  Part  2,  and  are  as  follows  (see  Fig.  20): 
Member  Stress,  in  Pounds 

ab.bc  47,600  (tension) 

cd  81,600  (tension) 

de  102,000  (tension) 

BC  81,600  (compression) 

CD  102,000  (compression) 

DE  108,800  (compression) 
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The  shears  in  the  panels  due  to  this  portion  of  the  load 
are  as  follows: 


Shbas, 

Pambl 

Shear, 

ANEI« 

IK  Pounds 

IN  Pounds 

ab 

64.260 

edf 

13.770 

be 

48.195 

df<f 

6,885 

cd 

34,425 

tfV 

2,295 

de 

22.950 

Vtf 

0 

.Af 


Pxo.  90 

42.  According:  to  B.  5.,  Art.  98  (4),  the  load  on  the  car 
^rack  for  a  span  of  160  feet  must  be  taken  as  1,345  pounds 
IDer  linear  foot  for  the  computation  of  the  chord  stresses, 
^his  skives  a  panel  load  for  each  truss  of  13,450  pounds,  and 
^ach  reaction  for  a  full  load  (neglectinsf  the  half-panel  loads 
St  the  ends)  is 

13,4^  X_7  ^  47  Q75  ^oyxxid.% 

The  stresses  caused  in  the  chord  members  by  this  portion 
of  the  live  load  are  as  follows: 

MsMBBR  Stress,  in  Pounds 

ab^  be  34,870  (tension) 

cd  59,780  (tension) 

de  74,720  (tension) 

BC  59,780  (compression) 

CD  74,720  (compression) 

DE  l^yl^  (compression) 

43.  These  stresses  must  be  increased  to  allow  for  the 
effect  of  impact  and  vibration.  The  increase  is  computed 
by  the  following:  formula  (^.5.,  Art.  99): 


1,000 


186— U 
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As  chord  stresses  are  under  consideration,  the  entire  span 
is  loaded  when  they  are  sfreatest;  then,  L  =  160,  and,  there- 
fore, 

r      300  -  160 


1.000 


=  .145 


The  total  live-load  chord  stresses,  in  pounds,  includins^ 
impact  and  vibration,  are  as  follows: 

Member  Tension 

ah,  be  47,600  +  34,870  +  .14  X  34,870  =  87,350 
cd  81,600  -f  59,780  +  .14  X  59,780  =  149,750 

de         102,000  +  74,720  +  .14  X  74,720  =  187,180 

Compression 

B  C  81,600  +  59,780  +  .14  X  59,780  =  149,750 
CD  102,000  +  74,720  +  .14  X  74,720  =  187,180 
D  E     108,800  +  79,700  +  .14  X  79,700  =  199,660 

44.     In  computing:  the  stresses  caused  in  the  web  mem 

bers  by  the  load  on  the  car  track,  the  load  at  each  floor- 

100 
beam  is  to  be  taken  as  1,600  p  at  floorbeams  [B.  S., 

P 

Art.  98  (4)].  In  the  present  case,  as  the  panel  lengthy  is 
20  feet,  this  gives  1,600  X  20  =  32,000  pounds  at  each  floor- 
beam,  one-half  of  which,  or  16,000  pounds,  is  the  panel  load 
on  one  truss;  and  the  number  of  panel  points  that  must 
be  loaded  is  100  -4-  20  =  5.*  Those  panel  points  must  be 
loaded  that  will  cause  the  desired  stresses  to  be  sfreatest. 
For  example,  to  find  the  maximum  shear  caused  by  this  por- 
tion of  the  load  in  the  panel  a  b,  the  five  joints  *,  r,  dy  e,  and  d' 
must  be  loaded;  for  the  panel  be,  the  five  joints  c,d,e,d',  and 
r',  etc.  must  be  loaded.  When  there  are  less  than  five  panel 
points  to  the  right  of  a  panel,  all  the  joints  to  the  right  are 
loaded,  and  the  remaining  loads  are  considered  to  be  off  the 


100 
*When  — —  does  not  give  a  whole  number,  the  oezt  larger  whole 
P 

100 
number  must  be  used.    Thus,  if  — r-  =  5.34,  this  should  be  called  6. 

P 
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bridg^e.     The  live-load  positive  shears  due  to  this  loading: 
are  as  follows: 

Pawrt  Shear,  PAinrT  Shear, 

i'ANEL  ^  PouifDl  rANBI.  ^^  PoUNDS 

ai  50,000  ed'  12,000 

ic  40,000  d'c'  6,000 

cd  30,000  c'y  2,000 

^/^  20,000  ya'  0 

45.  These  shears  must  be  increased  to  allow  for  the 
effect  of  impact  and  vibration.  As  before,  the  increase  is 
computed  by  the  formula 

,_  300-Z,y  ^ 

^""Tooo"^"^ 

As  web  stresses  are  under  consideration,  however,  the 
length  of  track  that  is  loaded  to  produce  the  maximum 
stresses  is  different  for  different  members.  It  is  customary 
to  take  for  the  loaded  leng^th  in  this  case  the  distance  from 
the  right-hand  end  of  the  span  up  to  the  first  panel  load, 
or  the  panel  load  that  is  farthest  to  the  left.  Then,  the 
loaded  length  for  the  panel  a  ^  is  140  feet;  for  the  panel  d  c, 
120  feet;  for  the  panel  cd,  100  feet;  for  the  panel  de,  80  feet; 
for  the  panel  ed\  60  feet;  for  the  panel  d'  d,  40  feet;  and  for 
the  panel  r'*',  20  feet.  The  total  live-load  positive  shears 
in  the  different  panels,  including  the  allowances  for  impact 
and  vibration,  are  as  follows: 

Panel  Shear,  in  Pounds 

a  h  64,260  -f  50,000  -f  .16  X  50,000  =  122,260 

be  48,195  +  40,000  -f  .18  X  40.000  =    95,395 

cd  34,425  +  30,000  -f  .20  X  30,000  =    70,425 

de  22,950  -|-  20,000  -f  .22  X  20,000  =    47,350 

ed'  13,770  +  12,000  -f  .24  X  12,000  =    28,650 

</V  6,885  +    6,000  +  .26  X    6,000  =     14,445 

c'V  2.295-1-    2,000-1- .30  X    2,000=      4,895 

Vi^  0 

46.  Bead-Iioad  Stresses. — The  dead  load  consists  of 
the  weight  of  the  floor,  including  the  weight  of  the  stringers 
and  floorbeams,  and  the  weight  of  the  trusses,  including  the 
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lateral  system.  The  weig:ht  of  the  floor,  as  found  in  Art.  19 
and  illustrated  in  Fig:.  13,  is  17,694  pounds  at  each  end  of 
each  floorbeam,  that  is,  at  each  panel  point.  As  the  panels 
are  20  feet  in  lens^th,  this  corresponds  to  a  weigfht  of 
17,694  -T-  20  =  884.7,  or  nearly  900  pounds,  per  linear  foot 
for  one  truss.  The  latter  value  will  be  used.  Each  panel 
load  is  then  900  X  20  =  18,000  pounds. 

The  approximate  weight  w  of  one  truss  is  given  by  the 
formula 


w 


=  f[^  +  K45?)']^S*''^'^-^-243) 


in  which    /  =  span; 

W  =  the  total  load  per  linear  foot  supported  by  the 
truss,  exclusive  of  its  own  weight. 
The  dead  load  supported  by  the  truss  was  found  in  the 
preceding  paragraph  to  be  900  pounds  per  linear  foot. 
The  total  live  load  on  the  floor,  due  to  the  uniform  load, 
was  found  in  Art.  41  to  be  1,836  pounds  per  linear  foot, 
or  918  pounds  per  linear  foot  per  truss.  The  load  on  the  car 
track  was  found  in  Art.  42  to  be  1,345  poimds  per  linear 
foot,  or  672.5  pounds  per  linear  foot  per  truss.  Since  the 
stresses  due  to  the  last-named  load  are  increased  to  allow  for 
impact  and  vibration,  it  is  well,  in  calculating  the  load  sup- 
ported by  the  truss,  to  increase  the  live  load  by  the  proper 
amount.  This  gives  the  total  load  coming  to  one  truss  from 
the  car  track,  including  allowance  for  impact  and  vibration, 
as  672.5  -f  .14  X  672.5  =  766.65  pounds  per  linear  foot.  Total 
load  W  supported  by  one  truss  is,  then,  900  +  918  +  766.66 
=  2,584.65  pounds  per  linear  foot;  therefore, 

2,584.65  ^\.   ,ci^  /160  -  90\'l       .oa  r  lu  i-     t. 

The  panel  load  due  to  the  weight  of  the  truss  is,  then, 
426.5  X  20  =  8,530  pounds,  of  which  one-half,  or  4,266  pounds, 
is  assumed  to  be  applied  at  the  loaded  chord,  and  one-half  at 
the  unloaded  chord  (see  B.  5.,  Art.  97).  The  entire  weight 
of  the  floor  is  taken  at  the  loaded  chord.  The  lateral  system 
will  be  assumed  to  cause  a  panel  load  of  1,000  pounds,  one- 
half  at  each  chord.    Then,  each  panel  load  of  the  unloaded 
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chord  is  4,265  +  500  =  4,765  pounds,  and  each  panel  load  of 
the  loaded  chord  is  4,765  +  18,000  =  22,765  pounds.  The 
total  dead  panel  load  is  22,766  +  4,765  =  27,530  pounds, 
and  each  reaction  is  96,355  pounds.  The  dead-load  chord 
stresses  are  as  follows: 


Mbhbbr 

Stress,  in  Pounds 

ab,bc 

71,370  (tension) 

cd 

122,360  (tension) 

de 

162,940  (tension) 

BC 

122,360  (compression) 

CD 

152,940  (compression) 

DE 

163,140  (compression) 

dead-load  shears  t 

ire  as  follows: 

PosmvB  Shbak,           d..t»w        Negativb  Srbar, 

hKRl, 

IN  PoTOiDS               vuxm. 

IN  Pounds 

ab 

96,355 

ed' 

13,765 

be 

68,825 

d'ef 

41,295 

cd 

41,295 

(fV 

68,826 

de 

13,766 

Va> 

96,355 

47.  wind  Pressure. — In  the  design  of  trusses,  it  is 
customary  to  assume  that  the  maximum  wind  pressure  does 
not  occur  simultaneously  with  the  maximum  live  load,  so 
that  the  stresses  caused  in  the  chord  members  and  end  posts 
of  the  trusses  by  the  wind  pressure  should  not  be  added 
to  the  combined  dead-  and  live-load  stresses  without  some 
additional  allowance.  Practice  varies  as  to  the  method  of 
allowing  for  these  wind  stresses.  It  is  frequently  specified 
that,  when  they  are  less  than  25  per  cent,  of  the  total  com- 
bined dead-  and  live-load  stresses,  the  wind  stresses  may  be 
ignored;  when  greater,  the  members  are  designed  for  the 
sum  of  the  maximum  dead,  live,  and  wind  stresses,  using 
working  stresses  26  per  cent,  greater  than  those  allowed  for 
the  dead-  and  live-load  stresses  alone.  This  method  will  be 
used  here.  As  a  rule,  the  members  are  first  designed  for 
the  combined  dead-  and  live-load  stresses;  the  exposed  area 
of  the  trusses  and  floor,  the  wind  pressure  on  them,  and  the 
stresses  due  to  this  wind  p'-essure  are  then  calculated,  and 
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the  cross-sections  of  the  members  corrected,  if  necessary,  to 
allow  for  the  wind  stresses. 

48.  liongrltndlnal  Force. — In  this  type  of  bridg^e,  the 
longitudinal  thrust  of  a  suddenly  stopping  car  is  so  dis- 
tributed throughout  the  length  and  width  of  the  bridge  by 
the  rails,  stringers,  and  floor  plank  that  it  will  not  be  con- 
sidered. If  the  trusses  were  supported  on  a  steel  trestle,  the 
force  would  be  taken  at  the  top  of  the  bent. 

49.  Combined  Stresses. — The  combined  dead-  and 
live-load  stresses  in  the  chord  members  are  as  follows: 

Member  Stress,  in  Pounds 

abybc  87,350+    71.370  =  158,720  (tension) 

cd  149,750+  122,360  =  272,110  (tension) 

de  187,180  +  152,940  =  340,120  (tension) 

BC  149,750  +  122,360  =  272,110  (compression) 

CD  187,180  +  152.940  =  340,120  (compression) 

DE  199,660  +  163,140  =  362,800  (compression) 

The  combined  dead-  and  live-load  positive  shears  in  the 
different  panels  are  as  follows: 

Panel  Shear,  in  Pounds 

a  b  122,260  +  96,356  =     218,615 

be  95,395  +  68,825  =     164,220 

cd  70,425  +  41,295  =     111,720 

de  47,350  +  13,765  =       61,115 

ed'  28,650  -  13,765  =       14.886 

d'd  14,445  -  41,295  =  -  26,860 

As  the  combined  shear  in  the  panel  ed'  comes  out  positive, 
a  counter  is  required  in  that  panel.  As  the  combined  shear 
in  the  panel  d'  d  comes  out  negative,  no  counter  is  required 
in  that  panel. 

The  stresses  in  the  diagonals  can  be  found  by  multiplying 
the  shears  in  the  respective  panels  by  csc/^.  The  length  of  a 
diagonal  is  V20^T2r  =  33.6006,  and  csc^  =  33.6006  -=-  27 
=  1.2445.  Then,  the  stresses  in  the  diagonals  are  as 
follows: 
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DiAGONAi.  Stress,  in  Pounds 

aB  218,615  X  1.2445  =  272,100  (compression) 

Be  164.220  X  1.2445  =  204,400  (tension) 

Cd  111,720  X  1.2445  =  139,000  (tension) 

De  61,115X1.2445=    76,100  (tension) 

Ed'(dE)  14,886  X  1.2445  =    18,500  (tension) 

The  stresses  in  the  verticals,  except  the  hip  vertical,  are 
each  equal  to  the  sum  of  the  shear  in  the  panel  to  the  right  of 
the  vertical  and  the  dead  load  at  the  top  joint  (4,765  pounds, 
Art.  46).    The  stresses  are  as  follows: 
Mbmbxr  Stress,  in  Pounds 

Cc  111,720  +  4,765  =  116,500  (compression) 

Dd  61,115  +  4,765  =    65,880  (compression) 

Ee  14,885  +  4,765  =     19,650  (compression) 

According  to  B.  S.,  Art.  98  (2),  the  stress  in  the  hip  ver- 
tical must  be  found  from  the  same  loading  as  the  stress  in 
the  floorbeam.  In  Art.  19,  the  dead  load  on  the  truss  from 
one  floorbeam  was  found  to  be  17,694  pounds;  and  in  Art.  24 


the  live  load,  including  impact  and  vibration,  was  found  to 
be  53,000  pounds.  In  addition,  there  is  a  dead  load  of 
4,765  pounds  at  each  panel  point  of  the  loaded  chord,  making 
the  total  stress  in  the  hip  vertical  17,694  +  53,000  +  4.765 
=s  75,469,  or  about  75,600  pounds,  tension. 

The  total  dead-  and  live-load  stresses  in  the  members  are 
shown  in  Fig.  21, 


34       DESIGN  OF  A  HIGHWAY  TRUSS  BRIDGE    §77 


DESIGN  OF  MAIN  MEMBERS 

50.  Bottom  Chord. — The  bottom  chord  will  be  com- 
posed of  eyebars  (see  B.  S.,  Art.  139).  The  working:  stress 
in  tension  is  s^iven  in  B.  S.,  Art.  103,  as  16,000  pounds  per 
square  inch.  :  Then,  the  required  net  areas  of  the  bottom 
chord  members  are  as. follows: 

Mrmbrr  Rbquired  Nrt  Area, 

MEMBER  jj^  Square  Inches 

ad,  be  158,700  -r  16,000  =    9.92 

cd  272,100  -5- 16,000  =  17.01 

de  340,100  -^  16,000  =  21.26 

The  required  areas  can  be  made  up  in  a  number  of  ways  by 
using  different  widths  of  eyebars,  and  no  fixed  rule  can  be 
given  for  the  width  that  should  be  used.  In  general,  how- 
ever, eyebars  from  4  to  8  inches  in  width  are  preferable  for 
chord  members  of  highway-bridge  trusses  from  150  to 
175  feet  in  length.  The  smallest  thicknesses  that  can  be 
used  are  given  in  Table  XXX.  The  actual  thickness  should, 
in  general,  be  not  greater  than  about  twice  the  minimum 
thickness,  although  it  is  better  not  to  exceed  the  minimum 
thickness  by  a  very  large  amount.  The  bending  moments 
on  the  pins  are  as  a  rule  less  when  thin  eyebars  are  used 
than  when  thick  bars  are  used. 

1.  Member  de. — In  the  present  case,  four  bars  5  in.  X  liV  in. 
will  be  used  for  the  member  de.  The  area  of  one  bar  of 
this  size  is  5.3125  square  inches,  and  of  four  bars,  21.25  square 
inches,  which  is  near  enough  to  the  requtred  Jifea,.; 

2.  Member  cd. — For  the  member  f^,  four  bars  5  in.  X  I  in. 
will  be  used.  The  area  of  one  bar  of  this  size  is  4.375  square 
inches,  and  of  four  bars,  17.5  square  inches,  which  is  slightly 
greater  than  required. 

3.  Members  a  b  and  be. — For  the  members  ab  and  ed^  it  is 
specified  in  B.  5.,  Art.  139,  that  the  bars  composing  thei 
must  be  connected  to  each  other  by  latticing;  this  is  to  make 
these  members  capable  of  resisting  a  small  amotuit  of  com- 
pression, if  for  any  reason,  such  as  a  heavy  wind  storm,  the 
stresses  in  them  are  reversed.    The  method  of  connecting 
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them  by  latticing  is  shown  in  Pis:.  22:  an  angle  is  riveted  to 
the  inside  of  each  eyebar,  and  the  outstanding  legs  are  con- 
nected by  single  latticing.  The  area  of  each  bar  so  connected 
must  be  reduced  by  the  area  of  one  rivet  hole;  1-inch  rivets 
will  be  used.  If  two  bars  6  in.  X  1  in.  are  used,  the  gross 
area  of  each  bar  is  6  square  inches,  and  the  net  area  is 
6  ^  .875  =  5.125  square  inches;  then,  tne  area  of  two  bars  is 
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10.25  square  inches.    As  this  is  slightly  greater  than   the 
required  area,  these  bars  will  be  used  for  ad  and  cd. 

51.  Inclined  Web  Members. — The  required  net  areas 
of  the  inclined  web  members,  not  including  the  end  post, 
which  will  be  considered  later,  are  as  follows: 

u»w»»p  Requtrkd  Net  Area,  in 

"  Square  Inches 

Be  204.400  -5- 16.000  =  12.775 

Cd  189,000  ^  16.000  =  8.69 

D€  76,100  ■^  16,000  =  4.76 

dE  18,500  -s-  16,000  =  1.16 

-  !•-  Member  Be. — For  Bey  two  bars  6  in.  X  li  in.  will  be 
used.  The  area  of  one  bar  is  6.75  square  inches,  and  of  two 
bars,  13.5  square  inches,  which  is  sufficient. 

2.-  .Member  Cd.^^For  Cd,  two  bars  5  in.  X  J  in.  will  be 
^ised.  The:area  of  one.  bar  is  4.375  square  inches,  and  of 
'two  bars,  8*76  square  inches,  which  is  sufficient. 
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3.  Member.  D  e, — For  De^  two  bars  3  in.  X  ii  in.  will  be 
used.  The  area  of  one  bar  is  2.4375  square  inches,  and  of 
two  bars,  4.875  square  inches,  which  is  sufficient. 

4.  Member  dE. — The  member  ^^  is  a  counter,  and, 
according:  to  B.  S.,  Art.  141,  cannot  have  a  sectional  area 
less  than  2  square  inches,  although  but  1.16  square  inches  is 
required  by  the  stress.  One  bar  3  in.  X  i  in.  will  be  used; 
its  area  of  cross-section  is  2.25  square  inches,  which  is  {greater 
than  2  square  inches. 

52.  Vertical  Web  Members. — The  form  of  cross-sec- 
tion that  is  best  adapted  to  the  compression  web  members 
is  shown  in  Fig.  23.  It  is  composed  of  two  channels  with 
the  flanges  pointing  toward  each  other;  the  flanges  are  con- 
nected by  tie-plates  and  lattice  bars,  as  explained  in  Bridge 
Members  and  Details,  Part  1.     The  size  of  channel  that  must 
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be  used  for  any  member  depends  in  general  on  the  stress 
in  the  member,  but  for  those  verticals  near  the  center  of 
the  span,  in  which  the  stress  is  comparatively  small,  other 
conditions  frequently  govern.     For  example,  it  is  specified 

in  B.  5.,  Art.  105,  that  the  value  of  -  shall  not  exceed  100 

r 

for  main  members.  Since  the  length  of  each  vertical  from 
center  to  center  of  pins  is  27  feet  =  324  inches,  the  smallest 
allowable  value  of  the  radius  of  gyration  r  is  324  -^  100 
=  <^.24  inches.  Consulting  Table  XIII,  it  is  seen  that  the 
smallest  channel  ha\nng  a  value  of  r  greater  than  3.24  inches 
is  a  i^-inch  18.25-pound  channel.  The  web  of  this  is  only 
.23  inch  thick,  and,  as  it  is  specified  in  B.  S.,  Art.  112, 
that  webs  ot  channels  shall  be  not  less  than  \  indi  thick,  this 
channel  cannot  l-^  used.  A  9-inch  IS-poimd  channel  is  found 
to  l^e  the  smallest  channel  that  can  be  used.     Its  radius  of 
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vratioQ  is  3.4  inches,  and  -  =  rr-r  —  ^^-^' 

r       ZA 


The  grross  area 


i  two  channels  is  (Table  XH I )  2  X  4,4!  =  8,82  square  inches* 
'onsulting  Table  XXXV^  the  allowable  working  stress  corre- 

ponding^  to  a  value  of     of  95.3  is  found  to  be  10,640  pounds 

r 

per  square  inch.  Since  the  gross  area  of  two  channels  is 
8.82  square  inches,  the  total  compressive  stress  that  can  be 
resisted  by  a  member  27  feet  loii£  and  composed  of  two 
B^inch  15-pound  channels  is  8.82  x  10,640  =  93,800  pounds. 
As  this  is  greater  than  the  stress  in  either  Dd  or  £e,  these 
cbannels  will  be  used  for  these  two  members. 

As  the  stress  in  Cr  (+  116,500  pounds)  is  greater  than 
)S,800  pounds,  the  two  channels  just  considered  are  not  large 
Qongh  for  this  member,  and  larger  or  heavier  channels 
ft:inst  be  used.  The  radius  of  gyration  of  each  of  the  heavier 
Much  channels  is  less  than  the  smallest  allowable  value, 
.24  inches,  as  found  in  the  preceding  paragraph,  so  that  the 
text  heavier  lO-inch  channel,  20  pounds,  will  be  tried.  The 
radius  of  gyration  of  a  lOnnch  20-pound  channel  is  given  in 


Table  XIII  as  3.66  inches; 


then,  -  = 
r 


324 
3.66 


=  88.5,  and,  by 


Table  XXXV,  the  allowable  working  stress  is  11,150  pounds 
per  square  inch.  The  gross  area  of  two  channels  is 
(Table  XIII)  2  X  5.88  =  11.76  square  inches,  and  the  total 
tress  that  can  be  resisted  by  two  channels  is  1U6  X  11,150 
^  131,100  pounds.  As  this  is  greater  than  the  stress  in  Cc, 
these  channels  will  be  used  for  this  member, 

53.  Hip  Tertle&L—The  stress  in  i?^  is  75,500  pounds,  ten- 
ion,  and,  since  the  allowable  working  stress  (B.  S.,  Art*  103) 
i  16p000  pounds  per  square  inch,  the  required  net  area  of  the 
inember  is  75,500  -5-  16,000  ^  4,7  square  inches.  The  same 
loma  of  cross-section  can  be  used  for  this  rnember  as  for  the 
pther  verticals*  but  that  shown  in  Fig.  24  is  frequently  used, 
and  will  be  employed  here.  The  outstanding  leg  should  be 
i  least  equal  in  width  to  the  outstanding  leg  of  the  floorbeam 
EQeaectton    angle.     According    to    B.   S,^   Art*    126|    the 
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connection  angfles  cannot  be  less  than  3  inches  wide.  Then, 
3"  X  2i^'  X  tV'  angles  will  be  tried,  as  they  are  the  smallest 
that  can  be  used.  To  get  the  net  area  of  each  angle,  it  will 
be  sufficient  to  deduct  the  area  of  one  hole  for  a  j-inch  rivet 
from  each  angle,  that  is,  .27  square  inch  (Table  XXVII). 
The  gross  area  of  one  angle  is  (Table  X)  1.62  square  inches, 
and  the  net  area,  1.62  —  .27  =  1.36  square  inches.  Then, 
the  area  of  the  member  B  b,  if  composed  of  four  angles,  is 
4  X  1.35  =  5.4  square  inches,  which  is  greater  than  the 
required  value,  and  therefore  sufficient.  It  will  be  found  in 
connection  with  the  details,  however,  that  it  is  advisable  to 

Pio.M 

use  3i^-inch  angles  for  connecting  the  floorbeams  to  the 
verticals.  For  this  reason,  it  is  well  to  use  four  angles 
3^  in.  X  2 J  in.  X  A  in.  for  Bb. 

54.  width  of  Verticals.— The  width  of  the  hip  vertical 
is  usually  made  about  the  same  as  the  compression  verticals. 
The  channels  that  compose  the  latter  are  placed  far  enough 
apart  so  that  the  radius  of  gyration  about  an  axis  parallel  to 
the  web  is  at  least  equal  to  that  about  an  axis  perpendicular 
to  the  webs.  The  distances  between  the  webs  of  two  chan- 
nels that  form  a  compression  member,  when  the  flanges  are 
turned  outwards,  so  that  the  radii  of  gyration  in  the  two 
directions  will  be  the  same,  is  given  in  column  17,  Table  XIII. 
The  distance  D',  Fig.  23,  between  the  backs  of  the  channels 
when  the  flanges  are  turned  inwards  or  toward  each  other 
can  be  found  by  means  of  the  formula 

in  which  D  =  distance  found  in  column  17,  Table  XIII; 

X  =  distance  from  back  of  channel  to  center  of 
gravity,  as  found  in  column  12,  Table  XIII. 
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For  two  10-inch  20-pound  channels,  !>  =  5.97  -h  4  X  .61 
=  8.41  inches;  and  for  two  9-inch  15-pound  channels, 
ly  =  5.49  +  4  X  .59  =  7.85  inches.  They  will  be  placed 
8i  inches  apart  in  the  present  case. 

35.  Top  Chord. — The  form  of  cross-section  shown  in 
Fig.  25  is  frequently  used  for  the  top  chords  and  end  posts 
of  trusses.  The  pins  are  located  near  the  center  of  gravity 
of  the  section,  which  is  nearer  the  top  than  the  bottom;  and, 
in  order  to  provide  room  between  the  pin  and  the  top  cover- 
plate  to  accommodate  the  eyebar  heads,  it  is  sometimes 
necessary  to  use  deeper  chord  members  than  would  otherwise 
be  desirable.  For  this  reason,  this  form  of  cross-section  is 
not  as  desirable  for  light  pin-connected  trusses  as  the  symmet- 
rical form  shown  in  Fig.  26,  in  which  the  center  line  is  located 
a  little  below  the  center  of  gravity.     This  form  will  be  used 
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in  the  present  case.  The  depth  or  width  W  should  be  at  least 
great  enough  to  allow  the  head  of  the  largest  eyebar  to  go 
inside.  The  largest  eyebar  that  connects  to  the  top  chord  is 
6  inches  wide.  In  Table  XXX,  the  sizes  of  heads  for  6-inch 
eyebars  are  given  from  13i  inches  to  \h\  inches  in  diameter; 
a  depth  of  15  inches  will  be  tried  first. 

The  distance  c  between  webs  depends  on  the  width  of  the 
vertical  members  and  on  the  arrangement  of  the  ends  of  the 
members  with  respect  to  each  other.  It  is  customary  to 
place  the  heads  of  the  eyebars  that  form  the  main  diagonals 
between  the  vertical  members  and  the  inside  of  the  chord 
members.  As  the  width  of  the  vertical  members  is  8^»  inches 
(Art.  64),  the  clear  distance  c  between  the  webs  of  the  top 
chord  will  be  taken  for  the  present  as  12  inches.  If  neces- 
sary, this  can  be  changed  slightly  when  detailing. 
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In  Bridge  Members  and  Details^  Part  1,  it  was  explained 
that,  when,  as  in  this  case,  the  distance  c  is  c^reater  than 
I  W^  the  least  radins  of  g:3n'ation  is  approximately  equal  to 
\  IV,  in  this  case  5  inches.  Since  the  unsupported  length  of 
the  top  chord  members  is  240  inches,  the  approximate  value 

of  -   is   240  H-  5  =  48,  and  the  allowable  working  stress 

r 

(Table  XXXV)  is  14,180  pounds  per  square  inch.  Then,  the 
trial  values  of  the  required  cross-section  of  the  top  chord 
members  are  as  follows  (see  Fig.  21): 

Mrmbbr  'nuAL  Value, 

IN  Squa&b  Inches 

B  C  272,100  -r- 14,180  =  19.19 

CD  840,100  -h  14,180  =  23.99 

DE  362,800  ^  14,180  =  25.69 

The  top  chord  is  usually  made  in  sections  from  30  to 

60  feet  in  length,  which  are  spliced  in  the  field.     In  the 

present  case,  the  splices  will  be  located  near  D  and  Z^, 

Fig.  20.  and  the  chord  will  be  composed  of  three  parts. 

1.     Member  B  C, — For   the   member   BC,   the    following 

sections  will  be  tried: 

Square 
Inches 

Two  web-plates  15  in.  X  A  in 9.38 

Four  angles  Z\  in.  X  3iin.  X  t  in 9.92 

Total 19.30 

The  flange  angles  will  be  placed  with  the  backs  of  their 
outstanding  legs  15i  inches  apart,  as  shown  in  Fig.  26. 
The  radius  of  gyration  about  axis  X'  X  through  the  center 
of  gravity  of  the  section  is  computed  by  the  method 
explained  in  Bridge  Members  and  Details,  Part  1,  and  is  found 

to  be  5.67  inches;  the  value  of  -  is  240  -r-  hXl  =  42.3;   and 

r 

the  allowable  working  stress  is  14,550  pounds  per  square 

inch.     Then,  the   corrected   value  of  the  required   area  of 

cross-section  is  272,100  -r-  14,550  =  18.70  square  inches.    As 

this  is  so  close  to  the  area  tried,  the  assumed  section  will  be 

used  for  B  C. 


I 
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2.   Member  CD. — As  CD  is  a  continuation  of  B  C,  all  the 

simple  sections  of  which  ^C  is  composed  are  also  parts 

of  CD,  and  any  additional  area  required  for  CD  is  provided 

byaddinc:  plates.    The  flans^e  angles  are  far  enough  apart 

to  allow  an  8-inch  vertical  plate  between  the  vertical  legs  of 

Ae  angles,  as   shown   at  a,  a  in  Fig.  27.     The  following 

section  will  be  tried  for  CD: 

Square 
Inches 

Two  web-plates  16  in.  X  A  in 9.3  8 

Four  angles  3i  in.  X  3i  in.  X  fin 9.9  2 

Two  vertical  plates  8  in.  X  iV  in 5.0  0 

Total      24.3  0 

The  radius  of  gyration  with  reference  to  the  axis  X'X 
through   the  center  of  gravity 
of    the  section  is  found  to  be 

5.16  inches;   the  value  of  ^  is   ^, j     ant^of    ^ ^ 

240  ^  6.16  =  46.6;  and  the  al-  „  J      ^"^ 

l^^^-able  working  stress  is  14,290 

pounds  per  square  inch.    Then, 

the  corrected   value   of  the 

required  area  of  cross-section  is  340,100  -f-  14.290  =  23.80 

square  inches.     As  this  is  so  close  to  the  area  tried,  the 

assumed  section  will  be  used  for  CD. 

3.    Member  DE. — For  member  DE,  the  same  form  wiD 

he  used  as  for  CD.    The  following  section  will  be  tried: 

Square 
Inches 

Two  web-plates  16  in.  X  A  in 9.3  8 

Fourangles  3iin.X3iin.  xtin 9.9  2 

Two  vertical  plates  8  in.  X  A  in _Z:?_9 

Total      2  6.3  0 

The  radius  of  g3rration  with  reference  to  X'  Xv&  6,01  inches; 

^c  value  of  -  is  240  H-  6.01  =  47.9;  and  the  allowable  work- 
r 

"^g  stress  is   14,170  pounds  per  square  inch.    Then,  the 

Corrected  value  of    the  required  area  of  cross-section  is 
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362,800  -s-  14,170  =  25.60  square  inches.    As  this  is  so  close 
to  the  area  tried,  the  assumed  section  will  be  used  for  DE, 

56.  End  Post. — ^The  end  post  will  be  made  of  the  same 
general  form  as  the  top  chords.  The  unsupported  leng^th 
of  the  end  post  is  33.6  feet,  or  403.2  inches;  the  radius  of 
gyration  will  be  assumed  equal  to  5  inches.     The  value  of 

the  ratio  -  is,  then,  403.2  -s-  5  =  80.6,   and   the   allowable 

r 

working  stress  is  11,760  pounds  per  square  inch.  There- 
fore, the  trial  value  of  the  required  area  of  cross-section  is 
272,100  ^  11,760  =  23.14  square  inches.  The  same  section 
will  be  used  for  this  member  as  for  the  top  chord  mem- 
ber CD,  imless  it  is  necessary  to  revise  the  section  later 
on  account  of  the  wind  stresses. 


DESIGN  OF  liATERAL  SYSTEM 


WIND    STRESSES 

57.  Introductory  Statement. — Before  designing  the 
details,  it  is  advisable  to  compute  the  wind  stresses,  so  that, 
if  necessary,  the  sections  of  the  main  members  may  be 
changed.  The  lateral  system  will  also  be  designed  at  this 
time. 

58.  wind  Pressure. — The  wind  pressure  will  be  taken 
as  50  pounds  per  square  foot  on  twice  the  exposed  area 
of  one  truss  together  with  the  floor  {B.  5.,  Art.  100).  In 
calculating  the  exposed  area  of  a  member,  it  is  customary 
to  multiply  its  width  by  the  distance  between  the  centers  of 
its  connections.  In  tension  members  composed  of  eyebars, 
the  width  of  the  eyebar  is  used;  in  built-up  members,  1  inch 
is  added  to  the  depth  of  the  web  or  channel,  or  the  width  of 
angles,  to  allow  for  the  latticing.  The  exposed  widths  of 
the  members  at  one  end  of  the  truss  are  as  follows  (see 
Fig.  20):  for  aB,  B  C,  CD,  and  D E,  16  inches;  for  Bh, 
7  inches;  for  Cc,  11  inches;  for  Dd  and  Ee^  10  inches;  for 
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Bc^  6  indies;  for  Cd,  6  inches;  for  De  and  Ed,  3  inches;  for 
a  b  and  be,  6  inches^  and  for  cd  and  de,  5  inches.  Multiply- 
ing each  of  these  widths  by  the  length  of  the  member,  the 
exposed  area  of  the  upper  chord  of  one  tmss  is  found  to  be 
160  square  feet;  of  the  lower  chord,  73,33  square  feet;  and 
of  the  web  members,  333.3  square  feet.  Then,  the  wind 
pressure  on  twice  the  exposed  area  of  one  truss  on  the  top 
chords  is 

2  X  160  X  50  =  16,000  pounds; 
on  the  bottom  chords, 

2  X  73.3  X  50  =  7,330  pounds; 
and  on  the  web  members, 

2  X  333.3  X  50  =  33,330  pounds 
The  exposed  area  of  the  floor  is  equal  to  the  lengfth  of  the 
span  (160  feet)  multiplied  by  the  vertical  distance  from  the 
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highest  portion  of  the  floor  (the  edge  of  the  sidewalk)  to 
tbe  bottom  of  the  lowest  I  beam,  about  3  feet,  Fig^.  5.  It  is, 
therefore,  160  X  3  =^  480  square  feet,  and  the  wind  pressure 
on  it  is  480  X  SO  =  24,000  pounds.  The  wind  pressure  on 
the  railings  will  be  taken  as  75  pounds  per  lioear  foot,  or 
75  X  160  =  12,000  pounds  on  the  entire  length  oC  railingrs* 

69.  ITpper  l^ateral  Truss. — The  upper  lateral  truss  is 
shown  in  Fig.  28.  It  is  customary  to  assume  that  the  wind 
pressure  on  the  top  chord  and  one-half  that  on  the  web 
members— in  this  case,  16,000  +  33,330  -^  2  ==  32.666  pounds 
—is  resisted  by  the  top  lateral  truss.     Since  the  top  chord  is 
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120  feet  long,  this  corresponds  to  32,665  -h  120  =  272.2  pounds 
per  linear  foot,  and  the  load  per  panel  is  272.2  X  20 
=  5,444  pounds,  as  represented  in  Fig^,  28.  For  convenience, 
the  entire  panel  load  is  assumed  to  be  applied  at  the  wind- 
ward side.     There  are  also  to  be  considered  the  two  half- 


panel  loads  of  2,722  pounds  each  at  ff  and  j5'-     The  vnnd 
stresses  in  the  upper  lateral  truss  are  shown  in  Fig.  29. 

60.  liower  Lateral  Trass.- — The  lower  lateral  truss  is 
clearly  shown  in  Fig.  30<  It  is  customary  to  assume  that 
the  wind  pressure  on  the  railings,  the  floor,  the  bottom 
chord,  and  one-half  that  on  the  web,  which  in  this  case  is 
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12,000  +'24,000  +  7,330  +  33,330  ^  2  =  60,000  pounds,  is 
resisted  by  the  bottom  lateral  truss*  As  the  bottom  chord 
is  160  feet  long,  this  corresponds  to  .60,000  -=-  160  =  376 
pounds  per  lirtear  foot.  The  panel  I5ad  is  375  X  20  =  7,500 
pounds,  as  shown  in  Fig.  30.     For  convenience,  all  the  paael 
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load  is  assumed  to  be  applied  at  the  ¥rindward  side.     The 
half-panel  loads  at  a  and  of  will  be  neglected;   they  are 


transmitted  directly  to  the  abutments  by  the  pedestals.    The 
stresses  in  the  lower  lateral  truss  are  shown  in  Fig.  31. 

61.  Portal  and  Transverse  Frames. — The  depth  of 
the  portal  and  transverse  frames  depends  on  the  amount  of 
room  above  the  overhead  clearance  line,  and  this  in  turn 
depends  on  the  position  of  the  floor.  In  the  present  case, 
as  the  allowable  distance  from  the  top  of  the  floor  to  the 
widerneath  clearance  line  is  6  feet  (Art.  1),  the  fioorbeams 
will  be  connected  to  the  vertical  posts  above  the  pins,  leaving 
the  lower  chord  to  project  a  short  distance  below  the  floor- 
heams.  To  clear  the  main  diagonals,  which  will  be  outside 
the  vertical  posts,  as  will  be  shown  in  Design  of  a  High- 
way Truss  Bridge,  Part  2,  the  bottom  of  the  floorbeam 
^11  be  placed  1  foot  above  the  center  of  the  pins  in  the 
Jower  chord.  It  will  be  seen  later,  in  connection  with 
the  details,  that  the  top  of  the  floor  at  the  center  of  the 
hridge  is  9  inches  above  the  top  of  the  floorbeam;  as  the 
floorbeam  is  3  feet  6i  inches  deep,  the  top  of  the  floor  is 
9  inches  +  3  feet  6i  inches  +  1  foot  =  5  feet  Si  inches  above 
the  center  of  the  lower  chord,  and  27  feet  —  5  feet  3*  inches 
=  21  feet  8j  inches  below  the  center  of  the  top  chord.  As 
this  is  more  than  20  feet,  transverse  frames  are  required  at 
each  panel  point  (B.  5.,  Art.  159). 

In  ^.5".,  Art.  94,  the  required  headroom  is  specified  as 
^5  feet.    This,  leaves  6  feet  8i,  inches  from  the  overhead 
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clearance  line  to  the  center  of  the  top  chord.    The  top  laterals 
are  connected  to  the  top  of  the  top  chord  about  8  inches  from 


^l^w^Cffo^^^ 


Pia.  t2 

the  center  of  the  chord,  makins:  the  total  depth  of  the  trans- 
verse frames  about  6  feet  8}  inches  +  8  inches  =  7  feet 
4i  inches.    Curved  brackets  will  be  placed  at  each  end  of 


Pio.  33 


each  transverse  frame.     Since  the  edges  of  the  wheel-guards 
are  1  foot  6  inches  from  the  center  of  the  trusses,  the  brackets 
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will  extend  4  feet  6  inches  from  the  center  of  the  trusses 
{B.  S.,  Art.  94).  They  will  also  be  made  about  4  feet 
6  inches  in  depth,  as  represented  in  Pig.  32,  which  is  a  cross- 
section  of  the  bridge  showing  a  type  of  frame  and  bracket 
adapted  to  the  present  case.  The  holes  a,  a  in  the  curved 
brackets  are  simply  for  ornamentation. 

The  same  general  type  of  frame  will  be  used  for  the 
portal,  as  represented  in  Fig.  33.  The  brackets  will  extend 
4  feet  6  inches  out  from  the  center  of  the  trusses;  the  other 
dimensions  shown  in  Fig.  33  are  found  from  those  shown  in 
Fig.  32  by  multiplying  the  latter  by  esc  H  (1.2445). 

62.  The  force  that  acts  on  the  portal  is  one-half  the  total 
wind  pressure  on  the  upper  chord,  or  16,330  pounds.  Making 
use  of  the  formulas  given  in  Stresses  in  Bridge  TrusseSy  Part  5, 
assuming  the  point  of  inflection  of  the  end  post  to  be  half 
way  between  the  bottom  of  the  bracket  and  the  bottom  of  the 
post,  the  required  stresses  are  found  to  be  as  follows: 

Direct  stress  in  end  posts, 

^^  =  ^g'^><^«g  =  14.860  pounds 
0  28 

Bending  moment  on  end  posts, 
E^(k'-d-a)  ^  8,166  X  9.8  X  12  =  960,200  inch-pounds 

Direct  stress  in  each  web  diagonal, 

Pjq  ^  16.880X24.63X11.12  ^  g  gg^ 
nbd  6X28X9.20 

The  stress  in  the  top  fiancee  is 

PW      P     PVx 
2d       2        bd 
At  the  section  opposite  D,  x  =  4.5,  and  the  stress  is 
16.830  X  24.63  ,  16.330  _  16,330  X  24.63  X  4.5 
2X9.20  2  28x9.20 

=  23,000  pounds,  compression 
At  the  section  opposite  />'.  x  =  23.5,  and  the  stress  is 
16.380  X  24.68      16.330  _  16.330  X  24.63  X  23.5 
2X9.20  2  28X9.20 

K  —  6.640  pounds,  tension 
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The  stress  in  the  bottom  flans:e  at  D  is 

16,330  X  24.63      16,830  X  24.63  X  4.5 
2  X  9.20  28  X  9.20 

:=  14,800  pounds,  tension 
The  stress  in  the  bottom  flang^e  at  ly  is 

16,330  X  24.63      16,830  X  24.63  X  23.6 
2  X  9.20  28  X  9.20 

=  14,800  pounds,  compression 
There  is  also  a  direct  stress  caused  in  the  bottom  chord  of 
the  main  truss  by  the  direct  stress  in  the  end  post;  the 
former  is  found  by  multiplying:  the  latter  by  cos  H  (20  ~  33.6 
=  .5952);  this  gives  14,360  X  .5952  =  8,550  pounds.  This 
stress  is  tension  on  the  leeward  side,  which  is  the  only  side 
that  will  be  considered,  since  the  compression  on  the  wind- 
ward side  simply  decreases  the  tension  in  the  chord. 


DESIGN    OF   MEMBERS 

63.  Upper  liateral  Truss. — Comparins:  the  wind 
stresses  in  the  top  chord  members  with  the  combined  dead- 
and  live-load  stresses,  it  is  seen  that  the  former  are  less  than 
25  per  cent,  of  the  latter,  and  need  not  be  further  considered 
(Art.  47). 

The  diagonals  are  usually  composed  of  one  angle;  in  the 
present  case,  the  required  net  area  in  the  end  panel  is 
16,730  -f-  16,000  =  1.05  square  inches.  The  net  area  of  a 
"1%"  X  1\"  X  A''  angle,  after  deducting  one  1-inch  rivet  hole, 
is  1.2  square  inches,  which  is  sufficient.  If  this  angle  is 
used,  however,  the  bending  stress  due  to  its  own  weight  is 
greater  than  the  allowable  intensity  of  bending  stress;  so 
that  a  larger  angle  must  be  used.  For  this  reason  one 
3 2''  X  2a''  X  -nj''  angle  will  be  used  for  each  diagonal  in  each 
panel,  the  longer  leg  being  placed  vertical. 

64.  The  rivets  connecting  the  laterals  to  the  connection 
plates  are  i-inch  rivets,  field  driven,  and  in  single  shear,  the 
value  being  3,980  pounds.  Then,  the  number  of  rivets 
required  at  each  end,  since  the  greatest  stress  is  16,730 
pounds,  is  16,730  -^  3,980  =  4.2,  or,  say,  5  rivets.     In  the  next 
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two  panels,  three  rivets  and  one  rivet  are  sufficient,  respect- 
ively, but  five  rivets  ¥rill  be  used,  the  same  as  in  the  end  panel. 

65.  The  maximum  stress  in  a  transverse  strut  is  shown 
in  Fig.  29  to  be  13,610  pounds.  It  is  customary  to  design 
the  upper  flange  of  the  frames  shown  in  Fig.  32  to  resist  this 
stress,  and  to  make  the  lower  flange  the  same  size  as  the 
upper.     In  B.  5.,  Art.  105,  it  is  specified  that  no  lateral 

member  shall  have  a  ratio  of  -  greater  than  120.     In  the 

r 

present  case,  since  /  is  28  feet,  it  is  advisable  to  insert  one 
2^^'  X  2^^'  X  iV'  angle  connecting  the  center  of  each  trans- 
verse strut  with  the  intersections  of  the  diagonals,  as  shown 
by  the  dotted  lines  a  a  in  Fig.  29,  thereby  reducing  the 
value  of  /  to  14  feet,  or  168  inches.  Then,  the  smallest 
allowable  value  of  r  is  168  -5-  120  =1.4  inches.  The  top 
flange  of  the  frame  will  be  made  of  two  angles,  with  their 
backs  spaced  A  inch  apart.  Consulting  Table.  XXVI,  it  is 
^een  that  the  smallest  angles  that  can  be  used  are  two  angles 
3  in.  X  2i  in.  X  iV  in.,  for  which  the  radius  of  gyration  is 
1.44  inches  when  the  short  legs  are  placed  A  inch  apart. 
These  angles  are  found  to  contain  sufficient  area. 

66.  liower  Lateral  Truss. — In  the  design  of  the  upper 
lateral  truss,  it  was  found  that  the  smallest  angle  that  can 
be  used  for  a  diagonal  is  Si  in.  X  2i  in.  X  A  in.  The  net 
area  of  such  an  angle,  after  deducting  one  i-inch  rivet  hole, 
is  1.51  square  inches,  and  its  value  in  tension  is  1.51  X  16,000 
=  24,160  pounds.  This  angle  can  be  used  in  all  but  the 
end  panel. 

The  number  of  rivets  required  to  connect  the  angle  in  the 
panel  ^^  at  each  end,  since  the  stress  is  23,040  pounds  and 
the  value  of  one  rivet  (J-inch  rivet,  field  driven,  and  in  single 
shear)  is  3,980  pounds,  is  23,040  -r-  3,980  =  5.8,  or,  say, 
6  rivets.  Six  rivets  will  be  used  in  the  panel  dc,  and  also, 
to  make  the  laterals  alike,  in  the  panels  cd  and  de. 

The  tension  in  the  diagonal  in  the  panel  a^  is  32,260 
pounds,  and  the  required  net  area  is  32,260  -r  16,000  =  2.02 
square  inches.    One  angle  4  in.  X  3  in.  X  I  in.  will  be  used; 
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the  net  area,  after  dednctins:  one  1-inch  rivet  hole,  is  2.15 
square  inches.  The  number  of  rivets  required  to  connect 
the  lateral  at  each  end,  since  the  value  of  one  rivet  is  3,980 
pounds,  is  32,260  -r  3,980  =  8.1,  or,  say,  9  rivets. 

Lug  angles  will  be  placed  on  all  the  laterals.  The  end  of 
the  lateral  that  has  just  been  designed  is  shown  in  Fig.  34. 

67.  It  is  unnecessary  in  this  case  to  consider  the  wind 
stresses  in  the  floorbeams,  such  as  +  26,250  pounds  in  d  ^; 
they  usually  increase  the  intensity  of  stress  in  the  floorbeam 
by  a  very  small  amount,  which  can  be  neglected. 

68.  In  comparing  the  vrind  stresses  in  the  lower  chord 
members  with  those  due  to  dead  and  live  loads,  it  is  necessary 
to  add  the  stress  in  the  leeward  chord  that  is  caused  by  the 
direct  stress  in  the  end  post  (8,550  pounds,  tension)  to  the 

stresses  in  the  leeward 

/v^^vjv/ chord  members  due  to 

j  their  positions  as  mem- 
bers of  the  lower  lateral 
stress.  In  the  present 
case,  none  of  the  wind 
stresses  in  the  lower 
chord  members  is  so  great  as  25  per  cent,  of  those  due  to 
combined  dead  and  live  loads,  and  so  they  will  not  be 
further  considered. 

69.  Portal. — The  direct  stress  in  a  lattice  bar  was 
found  in  Art.  62  to  be  2,894  pounds.  As  the  stress  in  any 
one  of  these  bars  is  compression  when  the  wind  comes  from 
one  direction,  and  tension  when  it  comes  from  the  other, 
each  must  be  designed  for  2,894  +  .8  X  2.894  =  5.209  pounds, 
tension  and  compression  (B.  5.,  Art.  107).  Flat  bars  are 
sometimes  used  for  the  diagonals,  but  when  the  depth  of 
portal  is  greater  than  about  3  feet  it  is  better  to  use  small 
angles,  as  they  give  greater  stiflEness  to  the  web.  In  the 
present  case,  one  2"  X  2"  X  V  angle  vrill  be  used  for  each 
diagonal.  This  is  smaller  than  the  smallest  allowable  angle, 
as  given  in  B.  5.,  Art.  1 13t  but,  since  this  may  be  considered 
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an  imiiiiportant  detail,  it  will  be  used.  Each  end  will  be 
coQQected  by  two  t-inch  rivets*  The  same^sized  angles  will 
be  used  for  the  lattice  web  of  the  transverse  struts. 

The  stress  in  the  lop  flange  was  found  in  Art,  62  to  be 
23,000  pounds  compression  at  one  end,  and  6^640  pounds 
tension  al  the  other  end.  When  the  wind  blows  in  the 
opposite  direction,  these  stresses  are  reversed.  The  top 
flange  should  therefore  be  designed  for  23,000  +  ,8  X  6,640 
j  =  28,310  pounds  compression,  and  6,640  +  .8  X  23,000 
=  25,040  pounds  tension.  The  center  of  the  top  flange 
will  be  held  by  one  2i"  X  21'^  X  iV  angle  in  the  same  way 
as  the  transverse  frames,  as  shown  at  *,  Fig.  29»  thereby 
reducing  the  tinsupported  length  to  14  feet,  or  168  inches* 
The  smallest  allowable  value  of  r  is,  then,  168  -h  120  =  lA 
inches*  The  smallest  angles  that  can  be  used  are  two 
3"  X  2i^'  X  iV^  angles,  for  which  the  radius  of  gyration  is 
L44  inches*  These  angles  are  found  to  have  sufficient  area, 
and  so  will  be  adopted. 

The  stress  for  which  the  bottom  flange  should  be  designed 
is  14,800+  -8  X  14,800  =  26,600  pounds  tension  and  com- 
pression. The  same-sized  angles  will  be  used  here  as  for 
the  top  flange,  that  is,  two  3''  X  2i''  x  iV'  angles,  with  the 
2i-iQch  legs  A  inch  apart  and  the  3'inch  legs  outstanding. 

There  is  no  need  to  design  the  bracket.  It  is  customary  to 
use  a  web  about  i^  inch  thick  and  angles  on  three  sides 
about  the  same  size  as  those  in  the  flanges  of  the  portal. 


70.  Effect  of  Wind  Stresses  on  End  Fost^ — On 
accouat  of  the  bending  moment  on  the  end  post»  it  is  not 
sufficient  to  see  that  the  direct  stress  due  to  the  wind  does 
not  exceed  25  per  cent,  of  the  combined  dead-  and  live-load 
stresses,  but  it  must  be  seen  in  every  case  that  the  maximum 
intensity  of  stress  due  to  the  combined  direct  and  bending 
stresses  does  not  exceed  the  allowable  working  stress  by 
more  than  25  per  cent.  The  formula  used  in  the  determination 
of  the  masimtmi  intensity  of  stress  s  is 

,  =  ^  +  ^ 

A  I  4 
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in  which  5*  =  combined  dead,  live,  and  wind  direct  stresses; 
A  =  c^ross  area  of  member; 
M  :=  bending  moment  dne  to  wind; 
c  =  distance  of  extreme  fiber  from  center  of  end 

post,  measured  at  right  angles  to  truss; 
/  =  moment  of   inertia  of  cross-section   of  end 
post  about  an  axis  parallel  to  webs  and 
half  way  between  them. 
In  the    present  case,   S  =  272,100  (Art.  49)  +  14,360 
(Art.    62)    =    286,500    pounds,   and    ilf  =   960,200    inch- 
pounds  (Art.  62).     For  the  section  that  was  decided  on 
in  Art.   56,   A  =  24.3  square  inches,  ^  =  6  +  A  +  3i 
=  9W  inches,  and  /  =  1,108.     Then,  the  actual  intensity 
of  stress  s  is 

286,500  ,  960,200  X  9.81       on  onn  ^  •    i. 

V,  o     +   —  7;^ =  20,300  pounds  per  square  mch 

24.3  1,108 

The  allowable  working  stress  in  the  end  post,  without 
considering  the  effect  of  the  wind,  is  given  in  Art.  56  as 
11,760  pounds  per  square  inch.  When  the  wind  is  consid- 
ered, the  allowable  working  stress  is  25  per  cent,  greater 
than  this,  or  11,760  -h  .25  X  11,760  =  14,700  pounds  per 
square  inch.  As  this  is  much  less  than  the  actual  intensity 
of  stress,  20,300  pounds  per  squrje  inch,  it  is  necessary  to 
increase  the  section  of  the  end  post.  The  following  section 
will  be  tried: 

Squarb 
Inchrs 

Two  web-plates  15  in.  X  A  in 1  3.1  2 

Four  angles  3i  in.  X  3Hn.  X  i  in.    .    .    .    .   1  3.0  0 

Two  side  plates  8  in.  X  i  in 8.00 

Total 3  4.12 

The  least  radius  of  gyration  of  this  section  is  5.03  inches,  and 
since  the  unsupported  length  of  the  end  post  is  403.2  inches, 

the  value  of  -  is  80.2.     By  Table  XXXV,  the  allowable  work- 

r 

ing  stress  for  combined  dead-  and  live-load  stresses  is 
11,790  pounds  per  square  inch.  Increasing  this  25  per 
cent,  gives  14,740  poimds  per  square  inch  as  the  allowable 
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workins:  stress  for  combined  dead,  live,  and  ¥rind  stresses. 

The  clear  distance  between  webs  will  be  made  11}  inches,  or 

i  inch  less  than  the  top  chord;  this  will  brins:  the  vertical 

legs  of  the  flanj^e  angles  Hi  +  A  +  tV  =  12i  inches  apart, 

the  same  as  in  the  top  chord,  and  the  extreme  fiber  6.31  +  3.5 

=  9.81  inches  from  the  center  of  the  section.     Then,  the 

moment  of  inertia  about  an  axis  parallel  to  the  web  is 

1,553.     Stibstitnting  the  new  values  in  the  formula  gives 

286,500  ,  960,200x9.81      ^a  Ann         ^  •    u 

*  "  ^tAV9   "*■  1K^ —      "  14,470  pounds  per  square  mch 

As  this  is  less  than  the  allowable  working  stress,  14,740 
pounds  per  square  inch,  the  section  that  has  been  tried  is 

Zfib.lS'xi'  ZPb/S'xi' 

ZPts,i5'xi'       ^B^i'xSi%tf  ^l3Si'x3Vxi' 


•     Z'6'Xi 


sufficient,  and  will  be  adopted.  It  is  not  necessary  to  com- 
pute the  shearing  stress  caused  in  the  end  post  by  the  wind 
when  the  bending  moment  is  considered. 

71.  The  sections  that  have  been  decided  on  for  the  vari- 
ous members  of  the  vertical  trusses  are,  for  convenience, 
shown  on  the  members  in  Fig.  35. 


DESIGN  OF  A  HIGHWAY 
TRUSS  BRIDGE 

(PART  2*) 


DETAILS 


FL.OOB  CONNECTIONS 

1.    Cross-Section. — The    location   of    the    top   of    the 
^^or  with  respect  to  the  top  of  the  floorbeam  is  shown  in 
i^.  1.     It  is  customary  to  keep  the  top  flange  of  the  floor 
^am  as  high  as  it  is  possible  to  have  it  without  interfering 
^ith  the  floor  plank.     This  can  be  done  by  so  placing  the 
stringers  d,  e,  and  /  under  the  roadway  that  their  top  flanges 
^Te  very  near  the  top  of  the  floorbeam,  and  making  the  nail- 
ing pieces  /  on  top  of  the  stringers  d  at  the  edge  of  the  road- 
way of  sufl&cient  thickness  to  bring  the  bottom  of  the  floor 
plank  at  the  lowest  point/  above  the  top  of  the  floorbeam. 

In  Fig.  1,  the  three  roadway  stringers  d,  e,  and  /  are  placed 
with  their  tops  1  inch  below  the  top  of  the  floorbeam,  and 
the  top  of  the  wheel-guard  is  placed  1  foot  above  the  top  of 
the  floorbeam.  This  makes  the  nailing  piece  on  stringer  d 
about  2  inches  thick,  and  brings  the  bottom  of  the  3-inch 
plank  at  /  about  1  inch  above  the  top  of  the  floorbeam.  As 
the  sidewalk  plank  rises  i  inch  per  foot  toward  the  railing, 
the  distance  from  the  top  of  the  sidewalk  bracket  (level  with 

*The  abbreviation  B.  S.  stands  for  Bridge  Specifications ^  to  which 
Section  freouent  reference  is  made  in  this  and  in  some  of  the  following 
Sections.  All  tables  referred  to  are  found  in  Bridge  Tables,  unless 
otherwise  stated. 

CopyrighUd  bf  InUmationtd  Tkxibook  Company.    Entered  ai  Siaiioners*  Nail,  London 
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the  top  of  the  floor- 
beam)  to  the  top  of 
the  sidewalk  plank  at 
stringer  c  is  about  12f 
inches;  this  makes  it 
possible  to  place  the 
sidewalk  strins:ers  t 
and  Ct  9  inches  deep,  on 
top  of  the  top  flange 
of  the  bracket,  leaving 
room  for  a  nailing  piece 
about  ll  inches  in  thick- 
ness on  top  of  stringers. 

2.  The  location  of 
the  tops  of  the  stringers 
^  and  k  under  the  car 
track  depends  on  the 
crown  of  the  roadway 
and  on  the  depth  of  rail 
and  tie.  It  has  been 
stated  (Design  of  a 
Highway  Truss  Bridge^ 
Part  1)  that  the  wheel- 
^  guard  would  be  placed 
_^  i  9  inches  above  the  floor 
at  the  edge  of  the  road- 
way, and  the  floor  given 
a  crown  of  3  inches, 
bringing  the  top  of  the 
floor  at  the  center  of  the 
bridge  (level  with  the 
top  of  the  rail)  3  inches 
below  the  wheel-guard; 
since  the  latter  is  12 
inches  above  the  top  of 
the  floorbeam,  the  top 
of  the  rail  is  9  inches 
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above  the  top  of  the  floorbeam,  as  shown  in  Fig.  1.     If  the 

rails  are  7  inches  high,  and  the  ties  are  framed  to  5i  inches 

in  depth  where  they  bear  on  the  stringers,  the  tops  of  the 

stringers  will  be  7  +  6i  =  12j  inches  below  the  top  of  the 

floor,  and  12i  —  9  =  Si  inches  below  the  top  of  the  floorbeam. 

3.  Connection  of  Fence  and  Fascia  Girders  to  End 
ot  Bracket. — The  detail  of  the  connection  of  the  fence  and 
iascia  girders  to  the  end  of  the  sidewalk  bracket  is  shown  in 
Fig.  2:  (a)  is  the  elevation  of  the  fence  and  fascia  girder, 
and  (b)  is  the  cross-section  of  fence  and  fascia  girder  and 
elevation  of  end  of  bracket.     This  is  a  very  popular  and  ser- 
viceable type  of  fence;  it  consists  of  a  number  of  flat  bars  a,  a 
crossing  each  other  at  intervals  to  form  a  lattice  web  and  held 
at  their  intersections  by  small  ornamental  castings  d.     Near 
the  top  and  bottom  of  the  fence  are  pairs  of  longitudinal 
angles  c,  c,  about  2  in.  X  2  in.  X  i  in.     The  fence  posts  dy  d 
^e  usually  composed  of  two  angles  2i  in.  X  2^  in.  X  A  in., 
and  enclose  the  web  e  at  the  end  of  the  bracket;  the  fence  and 
fascia  girders  are  riveted  to  the  outstanding  legs  of  the  fence 
^'igles,  as  shown  at  (a).     The  rivets  are  i  inch  in  diameter 
^Od  spaced  about  2J  inches  apart  at  /,  the  connection  of  the 
^^nce-post  angles  to  the  web  of  the  bracket;  above  the  bracket, 

*^«  angles  are  connected  to  each  other  by  means  of  a  rivet 
^Very  10  or  12  inches,  a  washer^  of  the  same  thickness  as 
5j^e  web  e  being  inserted  between  the  angles  at  each  rivet, 
^'^he  rivets  h  in  the  connection  of  the  fascia  girder  to  the  fence 
^  ^st  are  spaced  about  4i  inches  apart;  those  in  the  top  and 
^^ttom  flanges  of  the  fascia  girder  are  spaced  about  6  inches 
^part.  In  locating  the  riv6t  holes  for  the  connection  of  the 
^^nce  posts  to  the  bracket,  the  clear  width  of  sidewalk  can 
^^e  made  just  6  feet,  as  required. 

4.  Connection  of  Sidevralk  Stringrers  to  Brackets. 

*^he  sidewalk  stringers  b  and  r.  Fig.  1,  are  made  about  i  inch 

shorter  than  the^panel  length,  so  as  to  leave  some  clearance 

V)etween  the  ends  of  the  stringers  over  the  bracket.     The 

^nds  of  the  stringers  are  connected  to  each  other,  as  shown 

in  Fig.  3,  by  means  of  two  plates  dy  A  inch  thick,  riveted  to 
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the  webs  of  both  beams.     In  the  figure,  (a)  is  the  cross- 
section  of  the  top  flangfe  of  the  bracket  and  the  elevation 
of  the  adjacent  ends  of  the 
stringers;  {d)  is  a  longitudi- 
nal  section  on  th3  line  cc^ 
and  shows  the  plan  of  the 
bottom  flanges  of  the  string- 
ers and  the  top  flange  of  the 
bracket.    The  lower  flanges 

of  the  stringers  are  riveted 

to  the  upper  flanges  of  the 

brackets,    as    shown    at    e. 

Under  each  sidewalk  string- 
er, a  pair  of  stiffener  angles  /, 

2i  in.  X  2i  in.  X  A  in.,  and 

about   15    inches    long,    are 

riveted  to   the   web   of   the 

bracket.     The  reaction  from 

^e  stringers  is  so  small  that 

'^  is  not  necessary  to  calcu- 

^*te   the    number    of    rivets 

Squired  in  the  stiffener;   it 

'*^  rivets  in  each. 
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is  customary  to  place  five  or 


5.     Connection  of  Road^vay  Stringrers  to  Floorbeam. 

^he  roadway  stringers  </,tf,  and  /,  Fig.  1,  are  riveted  to  the 
^^b  of  the  floorbeam  by  means  of  connection  angles  d, 
^^^.  4;  and  short  shelf  angles  e^e,  and  stiffeners  /,  /  are 
Plax:ed  under  them.  In  Fig.  4,  (a)  is  the  cross-section  of  a 
P^rt  of  the  top  of  the  floorbeam  and  an  elevation  of  the  ends 
^*  two  stringers  resting  on  the  shelf  angles;  (d)  is  a  longi- 
^^^inal  section  once  and  a  plan  of  the  bottom  flanges  of  the 
*^JHngers.  The  upper  parts  of  the  stringers  /,  i  are  cut  back 
^^^  clear  the  vertical  legs  of  the  floorbeam  flange  angles  j\ 
^^K^d  the  connection  angles  d  are  placed  below  the  flange 
^^  gles. 

^ith  this  kind  of  connection,  it  is  customary  to  assume 
^at  the  rivets  in  the  connection  angles  transmit  the  entire 

136—16 
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reaction  (end  shear  on  the  strinfi^er)  to  the  floorbeam,  i 
isrnore  the  supporting:  effect  of  the  shelf  ans^les  and 
eners;  the  shelf  ansfles  and  stiffeners,  however,  add  con 

ably  to  the  str 
of    the    connec 
and  should  alwa 
inserted  when 
is    room     for 
under  the  stric 


6.  In  Dest'i 
a  Highway  j 
Bridge,  Part  1,  i 
found  that  the  : 
mum  end  shear  i 
of  the  roadway  s 
ers  is  8,325  po 
The  rivets  g,  F 
that  connect  th 
gles  to  the  we 
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the  stringers  are  I  inch  in  diameter,  shop  driven,  in  d 
shear,  and  in  bearing:  both  on  the  angles  and  on  the  \« 
the  I  beam,  which  has  a  thickness  of  .45  inch  (Table  1 
The  bearing  value  of  the  web  is  the  smallest;  as  the 
are  i  inch  in  diameter  and  the  allowable  bearing  str< 
22,000  pounds  per  square  inch  {B.  S.,  Art.  103),  the 
is  i  X  .45  X  22,000  =  7,425  pounds.  Then,  the  rec 
number  of  rivets  is  8,325  -r-  7,425  =  1.1;  three  rivets  v 
used  to  connect  each  pair  of  connection  angles  to  th 
of  the  stringer  (B,  5.,  Art.  155). 

To  find  the  number  of  rivets  h  required  to  conne< 
connection  angles  to  the  web  of  the  floorbeam,  two 
must  be  considered.  These  rivets  are  field  driven,  a 
bearing  both  on  the  connection  angles  and  on  the  w 
the  floorbeam.  When  the  load  in  one  panel  is  consi( 
the  amount  of  stress  transmitted  to  the  fioorbea 
8,325  pounds,  and  the  rivets  are  in  single  shear.  The'\ 
of  the  rivets  for  the   allowable    stresses   given  in  1 


I       |78    DESIGN  OF  A  HIGHWAY  TRUSS  BRIDGE        7 

1        Art.  103,  are  given  in  Table  XXXIX.     The  value  in  single 

i        shear  is  the  smallest,  and  is  3,980  pounds.   Then,  the  required 

i        number  of  rivets  for  this  condition  is  8,325  -^  3,980  =  2.1. 

When  the  load  in  two  adjacent  panels  is  considered,  the 

amount  of  stress  transmitted  to  the  floorbeam  is  2  X  8,325 

pounds  =  16,650  pounds,  and  the  rivets  are  in  double  shear. 

^n  this  case,  however,  the  bearing  value  of  a  rivet  on  the 

*-inch  web  of  the  floorbeam  is  the  smallest  value,  and  is 

^»060  pounds.     Then,  the  required  number  of  rivets  in  this 

^ase  is  16,650  4-  5,060  =  3.3.     The  next  larger  even  number 

^l\  be  used,  in  this  case  four. 

According  to  B.  S.,  Art.  126,  the  connection  angles 
^^unot  be  smaller  than  3  in.  X  3  in.  X  tV  in.  If  a  leg  3  inches 
Wide  is  placed  next  to  the  web  of  the  stringer,  it  will  be 
^^possible  to  get  three  rivets  in  it  without  spacing  them  too 
^lose  together;  so  a  leg  5  inches  wide  will  be  used,  and  the 
Connection  angles  will  be  made  5  in.  X  3  in.  X  tV  in.  The 
shelf  angles  will  be  made  3  in.  X  3  in.  X  A  in.,  and  the  stiff- 
^ners  will  be  made  2a  in.  X  2i  in.  X  A  in.  These  are  usually 
Put  in  according  to  the  judgment  of  the  designer,  and  not 
by  rule. 

7.     Connection  of  Stringers  Under  Railway  Track. 

The  stringers  marked  ^  in  Fig.  1  are  connected  to  the  floor- 
beam  in  the  same  way  as  those  just  considered.     The  connec- 
tion is  shown  in  Fig.  5,  in  which  {a)  is  the  cross-section  of 
the  upper  part  of  the  floorbeam,  and  shows  the  elevation 
of  the  ends  of  two  stringers,  resting  on  shelf  angles  d,  d; 
id)    is   a  cross-section   of    one   of    the    stringers    on    the 
section  cc,  and  shows  the  elevation  of  a  part  of  the  floor- 
beam.     The  stringers  are  cut  back  at  e  to  clear  the  top  flange 
angles  of  the  floorbeam.     In  Design  of  a  Highway   Truss 
Bridge,  Part  1,  it  was  found  that  the  maximum  end  shear 
in  the  stringer^ is  23,340  pounds.     The  web  of  the  I  beam 
is  .46  inch  thick,  and  the  value  of  one  1-inch  rivet  that  con- 
nects   the    angles    to    the    stringer    is   .75  X  .46  X  22,000 
=  7,590  potmds.    The  required  number  of  rivets  is,  then, 
23,340  -5-  7,690  =  8.1,  or,  say,  4. 
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To  determine  the  ntimber  of  rivets  /  required  to  connect 
the  connection  ans:les  to  the  web  of  the  floorbeam,  two  cases 
must  be  considered.  These  rivets  are  field  driven,  and  in 
bearing:  both  on  the  connection  ang^le  and  on  the  web  of 
the  floorbeam.  When  the  load  in  one  panel  is  considered, 
the  amotint  of  stress  transmitted  to  the  floorbeam  is 
23,340  pounds,  and  the  rivets  are  in  sinfifle  shear  (value 
=  3,980  pounds).  The  required  number  of  rivets  for  this 
condition  is  23,340  -i-  3,980  =  5.9,  or,  say,  6.  When  the 
load  in  two  adjacent  panels  is  considered,  it  is  necessary  to 
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compute  the  amount  of  load  that  is  transmitted  to  the  floor- 
beam.  This  is  found  in  the  same  way  as  in  Design  of  a 
Highway  Truss  Bridge,  Part  1,  except  that,  since  stringer 
connections  are  under  consideration,  it  is  necessary  to  allow 
for  the  increase  due  to  the  overturning:  effect  of  the  wind. 
The  amount  of  dead  load  is  3,600  pounds,  and  of  live  load 
15,384  pounds.  The  allowance  for  impact  and  vibration  is 
tV  X  15,384  =  4,615  pounds,  and  for  the  overturning:  effect 
of  the  wind,  4,615  pounds.  Then,  the  total  load  is  28,216 
pounds.  The  value  of  a  rivet  in  bearing:  on  the  1-inch  floor- 
beam  web  (5,060  pounds)  is  the  smallest;  and  the  required 
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tmmber  of  rivets  for  this  condition  is  28,216  ~  5,060  =  5.6, 
or.  say,  6,  as  before.  It  ts  well,  when  possible,  to  add  one  or 
two  rivets  to  the  required  number  in  stringers  under  railway 
tracks,  and  to  use  good*sized  connection  aogfles.  For  this 
reason,  five  and  eight  rivetSi  respectively,  will  be  used,  as 
sbown  in  Fi^.  6,  and  the  connection  angles  will  be  made 
3|  in.  X  Bj  in,  X  i  in,,  which  is  slightly  larger  than  the 
smallest  allowable  connection  angle  {B,  5*,,  Art.  126), 

8#  Connection  of  Center  Strlngrer. — The  same  con- 
oection  will  be  used  for  the  stringer  marked  A,  Fig*  1,  as  for^, 
except  that  in  the  connection  angles  only  four  rivets  will  be 
driven  in  the  legs  that  are  in  contact  with  the  stringers,  and  six 
rivets  in  the  legs  that  are  in  contact  with  the  floorbeam  web* 

9,     Connection  of  Bracket  and  Floorbeam  to  Truss* 

The  connection  of  the  bracket  and  that  of  the  floorbeam  to 
the  truss  are  shown  in  Fig,  6,  in  which  {a)  is  an  elevation 
of  the  ends  of  the  bracket  and  floorbeam  that  connect  to  the 
tmss;  (^)  is  a  cross-section  on  D  D\  and  {c)  is  a  top  view  of 
the  bracket  and  floorbeam.  The  floorbeam  is  connected  to 
one  side  of  the  vertical  post  E  E,  and  the  bracket  to  the 
other.  When,  as  in  this  case,  the  vertical  post  consists 
of  two  channels,  a  diaphragm  /,  consisting  of  a  web  and 
two  angles  at  each  side,  is  riveted  between  the  channels* 
The  leg  of  the  angle  adjacent  to  the  web  of  the  diaphragm 
is  made  %\  inches  wide;  the  other  is  made  the  same  width 
as  the  outstanding  leg  of  the  floorbeam  connection  angle. 

10*  The  end  shear  on  the  floorbeam  was  found  in  Design 
ei  a  Highway  Truss  Bridge,  Part  1,  to  be  54,450  pounds. 
The  value  of  one  of  the  rivets  g  that  connect  the  connection 
angle  h  to  the  web  of  the  floorbeam  (i-inch  rivet,  shop  driven, 
in  bearing  on  i-inch  web)  is  6,190  pounds.  Then,  the  required 
number  is  64,450-^6,190  =  %M,  or,  say,  9.  The  value  of 
one  of  the  rivets  /  that  connect  the  angles  h  to  the  truss 
(J-inch  rivet,  field  driven,  in  single  shear)  is  3,980  pounds. 
Then,  the  required  number  is  54.450  4-  3,980  =  13,7,  or,  say 
14,  In  the  leg  of  the  connection  angle  adjacent  to  the  web, 
ten  rivets  g  will  be  used;  in  the  other  leg,  a  rivet  i  will  be 
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placed  half  way  between  each  two  of  the  former,  making 
nine  rivets  in  each  of  the  outstanding  legs.  It  is  customary, 
as  in  this  case,  to  have  a  few  extra  rivets.  For  the  floorbeam 
connection  angles,  angles  3i  in.  X  H  in.  X  i  in.  will  be  used. 

11.  The  shear  on  the  bracket  where  it  connects  to  the 
truss  is  16,240  pounds  {Design  of  a  Highway  Truss  Bridge, 
Part  1).  The  number  of  rivets  required  in  the  leg  of  the 
angle  y  that  is  adjacent  to  the  web  of  the  bracket  is  3.1,  and 
in  the  outstanding  legs,  4.1.  The  rivets  in  these  connection 
angles,  which  will  be  made  3iin.  X  3  in.  X  i^in.,  will  be 
spaced  as  far  apart  as  allowable,  that  is,  6  inches  apart, 
thereby  bringing  seven  rivets  through  the  web  and  twelve 
through  the  vertical  post. 

12.  Connection  of  Bracket  to  Floorbeam. — To  assist 
in  making  the  bracket  and  floorbeam  act  as  a  single  beam, 
the  top  flanges  should  be  connected  to  each  other.  A  good 
method  of  connecting  them,  when  the  bracket  and  floorbeam 
are  attached  to  dififerent  sides  of  a  vertical  post,  is  shown  in 
Fig.  6.  Two  angles  k,  k,  the  same  size  as  those  in  the  top 
flange  of  the  bracket,  are  placed  close  to  the  vertical  post,  one 
angle  on  each  side,  and  their  ends  are  connected  to  the  ends  of 
the  bracket  and  floorbeam  flange  angles  by  means  of  plates  /,  /. 

The  stress  transmitted  by  the  angles  k  is  found  by  divi- 
ding the  greatest  negative  bending  moment  on  the  bracket 
by  the  depth  of  the  bracket  at  the  truss.  In  the  present 
case,  the  stress  is  802,800-5-42  =  19,100  pounds,  tension, 
and,  as  there  are  two  angles,  each  transmits  9,050  pounds. 
The  value  of  one  of  the  rivets  m  that  connect  the  end  of  an 
angle  k  to  the  plate  /,  Fig.  6  (c)  (|-inch  rivet,  field  driven,  in 
single  shear)  is  3,980  pounds;  then,  the  required  number  of 
rivets  is  9,050  -^  3,980  =  2.3,  or,  say,  3.  The  same  number 
is  used  to  connect  the  other  ends  of  the  angles  and  to  connect 
the  plates  to  the  top  flanges  at  n  and  o. 

The  required  thickness  /  of  the  plate  /  is  given,  approxi- 
mately, by  the  formula 

/  =  i-^ 
sw* 
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in  which  5  =  stress  transmitted  by  one  angle  k; 

d  =  width  of   widest  vertical   member   to   which 
floorbeams  are  connected — that  is»  the  clear 
distance  between  the  angles  k\ 
$  =  working  stress  in  bending; 
K'=  width  of  plate  i,  measured  along  bracket. 
The  width  w  is  controlled  by  the  rivet  spacing  in  the  plate; 
in  the  present  case,  it  is  8  inches.     Then, 

.       4  X  9,050  X  10        OKA    ^r  ^^^  *i«^^ 

The  angles  k  and  plates  /  are  frequently  omitted,  and  the 
rivets  p  that  connect  the  bracket  to  the  vertical  post  are 
depended  on  to  transmit  the  stress  in  the  bracket.  This 
construction  is  not  recommended,  as  it  tends  to  overstrain 
the  rivets  and  allow  the  brackets  to  sag  at  the  ends. 

The  bottom  flanges  of  the  bracket  and  Boorbeam  are  not 
connected,  but  are  made  to  bear  against  the  out  sides  of  the 
vertical  posts,  the  stress  being  transmitted  from  one  to  the 
other  by  means  of  angles  r  that  are  riveted  to  the  bottom  of 
the  diaphragm* 

13.     Connectton  of  End  Floorbeatn  to  Truss* — As 

there  is  no  vertical  member  at  the  end  joint,  the  end  floor* 
beam  cannot  be  connected  to  the  truss  in  the  same  way  as 
the  other  floorbearas.     It  will  be  supported  on  a  chair  riveted     | 
to  the  end  post*     The  detail  of  the  chair  will  be  treated  later*     | 
in  connection  with  the  design  of  the  pin  at  the  joint  a.     The 
portion  of  the  end  floorbeam  directly  over  the  truss  is  showrt    i 
in  Fig.  7,  in  which  la)  is  the  elevation  and  (^)  the  cross-sec-^ 
tion  of  the  floorbeam;  the  latter  view  shows  also  the  relative 
location  of  floorbeam,  end  post,  and  bottom  chord.     In  ord^s-l 
that  the  bottom  flange  angles   of   the  floorbeam   shall  nc~^ 
interfere  with  the  top  flange  angles  of  the  end  post  at  e^        | 
is  necessary  to  place  the  bottom  of  the  floorbeam  1  focr  "^ 
8  inches  above  the  center  line  of  the  bottom  chord,  makii^^" 
the  floorbeam  8  inches  shallower  than  the  intermediate  fli 
beams,  that  is,  34i  inches,  as  assumed  in  Design  of  a  Hii 
wa^  Truss  Bridge^  Part  L 
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The  web  of  the  bracket  and  floorbeam  is  in  one  piece 
extending:  the  full  lens:th.  Plates  c  having:  the  same  area  as 
the  flans:e  angles  of  the  bracket  are  riveted  to  the  top  and 
bottom  flanges  to  splice  the  bracket  flange  angles  to  the 
floorbeam  flange  angles.  Stiffeners  d  are  riveted  to  the  web 
where  the  beam  rests  on  the  chair  at  the  truss.  The  stringers 
are  connected  to  the  end  floorbeam  and  brackets  in  the  same 
way  as  to  the  other  floorbeams  and  brackets,  except  that  there 
is  a  shelf  angle  and  stiffener  on  but  one  side  of  the  web. 


SPLICES 

14.  The  only  splices  that  are  necessary  are  in  the  top 
chord.  In  Design  of  a  Highway  Truss*  Bridge^  Part  1,  it  was 
decided  that  the  splices  would  be  located  in  the  panels  CD 
and  D*  C  close  to  the  joints  D  and  -C,  respectively.  The 
form  of  cross-section  used  for  the  member  CD  is  shown  in 
Fig.  27  of  the  Section  just  referred  to.     This  member  will  be 
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spliced  by  means  of  four  bars  3i  inches  wide  riveted  to  the 
outstanding  legs  of  the  flange  angles,  and  by  vertical  splice 
plates  inside  and  outside  of  the  section,  as  shown  in  Fig.  8. 
The  following  splice  plates  will  be  used: 


Four  plates  3i  in.  X  -h  in.,  gross  area  = 
Two  plates  15  in.  X  A  in.,  gross  area  — 
Two  plates  14  in.  X  A  in.,  gross  area  = 


Squarb 
Inches 

6.12  5 

9.3  7  6 

8.7  5 


Total  gross  area  =  2  4.2  5  0 
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This  section  is  slightl^r  less  than  that  of  CD,  buti  as  it  is 
so  little  less,  and  as  it  is  greater  than  the  required  area  found 
for  CD,  these  splice  plates  will  be  used.  The  rivets  in  the 
5plic«  will  be  made  i  Inch  in  diameter.  Each  splice  plate 
must  have  sufficient  rivets  on  each  side  of  the  splice  to 
transmit  its  stress  to  and  from  the  ends  of  the  members. 

It  is  customary  to  rivet  the  splice  plates  to  the  end  of  one 
member  in  the  shop,  and  connect  the  other  end  in  the  field. 
The  required  number  of  field  rivets  in  a  splice  plate  is  found 
by  dividing  the  product  of  the  area  of  the  plate  and  the  work- 
ing stress  by  the  value  of  one  rivet*  In  the  present  case,  the 
working  stress  in  CD,  as  found  in  Part  1,  is  14^2^  pounds 
per  square  inch.  The  smallest  value  of  a  rivet  in  this  case 
IB  its  value  in  single  shear,  or  5,410  pounds.  Then,  the 
tamber  of  field  rivets  required  to  connect  each  splice  plate 
is  as  follows: 

I   One  plate  3i  in,  X  tV  in..  ^'^^\^A^^^^  =  4.05,  or,  say,  4 
5,410 

One  plate  16  in.  X  A  in,,  ^-^^^^^^'^^  =  12.4,  or,  say,  13 

5,410 

One  plate  14  in.  X  ^in.,^^^}^^^  =  11.5,  or,  say,  12 
_  5,410 

W  As  Che  value  of  a  shop-driven  rivet  is  greater  than  that  of 
^  field-driven  rivet  {B,  5.,  Art,  103),  fewer  shop-driven  rivets 
^re  reqnired/but  it  is  customary  to  place  the  same  nnmberof 
rivets  on  each  side  of  the  joint* 

16.    The  splice  is  shown  in  Fig.  8,  in  which  (a )  is  an  eleva- 
tion and  (^)  a  cross*section  of  the  top  chord.     The  3f-inch 
Bplice  plates  are   marked  r,  the  15-inch   splice  plates  are 
marked  d,  and  the  14-inch  splice  plates  are  marked  €.    The 
i3otted  line  //  is  the  joint;  the  ends  of  the  sections  of  chord 
^re  planed  smooth  on  the  I  me  //so  that  the  ends  will  bear 
^^ainst  each  other  and  so  transmit  some  of  the  stress.    Some 
engineers  depend  on  this  bearing  to  transmit  the  entire  stress 
in  compression  members,  putting  just  enough  rivets  in  the 
splice  plates  to  hold  the  members  in  line.    This  is  not  the  best 
practice;  each  splice,  whether  in  tension  or  in  compression, 
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should  be  designed  as  stated ^  aod  sufficient  section  pro- 
vided in  the  splice  plates  and  sufficient  rivets  to  fully  transmit 
the  stress.  In  some  cases*  tie-plates  are  made  to  serve  as 
splice  plates,  instead  of  the  3a-incb  plates  on  the  outstanding 
legs  of  the  flange  angles*  In  this  case,  the  whole  width  of 
tie-plates  should  not  be  counted  as  splice  plates,  but  only  that 
portion  in  contact  with  and  close  to  the  outstanding  legs  of 
the  flange  angles*  


DESIGN  OF  PIKS  AND  PIX  PX-ATES 
16.  Benillngr  Moment  on  Fins, — In  Bridge  Members 
and  Deiatis,  Part  2,  it  was  stated  that  pins  are  designed  to 
resist  the  greatest  bending  moment  to  which  they  are  sub- 
jected* The  bending  moments  on  the  pins  are  found  from 
the  stresses  in  the  members  that  connect  to  the  pins*  In 
order  to  find  the  maximum  bending  moment  on  a  piui  it  is 
customary  to  compute  the  moment  for  several  conditions  of 
loading;  for  example,  it  may  first  be  computed  when  the 
stresses  in  the  web  members  that  connect  to  the  pin  are 
greatest,  that  is,  when  there  is  a  partial  live  load  on  the 
truss;  and  then  computed  when  the  stresses  in  the  chord 
members  that  connect  to  the  pin  are  greatest,  that  is,  when 
there  is  a  full  live  load  on  the  truss.  For  each  of  these 
cases  it  is  necessary  to  calculate  the  stresses  that  occur 
simuHamously  in  the  other  members^  for  eKample,  when  the 
chord  stresses  are  greatest,  it  is  necessary  to  compute  the 
stresses  that  obtain  in  the  web  members  when  there  is  a  full 
live  load  on  the  truss,  and  to  use  these  stresses  in  ^ndin^ 
the  bending  moment  on  the  pin  for  that  loading.  Similarly, 
when  the  maximum  stresses  in  the  web  members  are  coo- 
sidered,  it  is  necessary  to  compute  the  stresses  in  the  chord 
members  for  the  loading  that  causes  the  greatest  stresses  in 
the  web  members. 

In  finding  the  forces  that  act  on  a  pin,  it  is  usually  assumed 
that  the  stress  in  each  member  is  evenly  distributed  among 
the  several  portions  of  the  member  bearing  on  the  pin,  and 
that  the  stress  in  each  portion  acts  as  a  concentrated  load  at 
its  center  of  bearing. 
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17*  In  finding  the  bending  moment  on  a  pin,  it  is  con- 
venient to  resolve  the  forces  that  act  on  the  pin  into  their 
vertical  and  horizontal  components,  and  then  to  find,  at  the 
section  where  the  moment  is  desired,  the  bending  moments 
M$^  and  Mh*  due  to  the  vertical  and  to  the  horizontal  forces » 
respectively.  The  resultant  bending  moment  M  on  the  pin 
Bt  any  section  is  then  found  by  means  of  the  formula 

When  the  largest  value  of  M  has  been  determined,  the  pin 
having  a  resisting  moment  as  great  as  ^/  is  fonnd  from 
Table  XLL  How  the  details  of  this  process  are  worked  out 
will  be  explained  presently. 

Many  designers  find  the  largest  pin  required  and  make  the 
others  the  same  size*  This  simplifies  the  work  in  the  shop 
somewbatt  but  there  is  no  other  reason  for  doing  it. 

The  bending  moments  can  be  found  by  the  graphic  as  well 
as  by  the  analytic  method*  Whichever  method  is  used,  it  is 
necessary  to  thoroughly  understand  the-  steps  that  are  taken 
before  the  bending  moment  can  be  found.  These  steps  can 
l>est  be  explained  and  illustrated  in  connection  with  the 
analytic  method*  For  this  reason,  the  bending  moments  on 
tbe  pins  discussed  in  the  following  pages  are  found  by  means 
of  the  analytic  method.  They  can  also  be  found  by  the 
graphic  method  by  applying  the  principles  explained  and 
illustrated  in  Graphic  Staiks. 

18*  Width  of  Top  Chord t — Before  designing  the  pins» 
it  is  necessary  to  decide  definitely  on  the  distance  between 


P 


Fig.  9 


the  webs  of  the  top  chord.     In  Design  of  a  Highway  Tnas 
Brii^€i    Part   1,  this   was   assumed   as   12   inches,  but  no 
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calculation  was  made  to  verify  the  assumption.  In  a  bridgre 
of  this  kind,  it  is  best  to  consider  first  the  second  joint  of  the 
top  chord,  in  this  case  joint  C  Fiff*  9»  The  arrangement  of 
the  members  at  C  is  shown  in  Fig.  lO*  in  which  («)  is  the 
elevation  of  the  joint,  and  {b)  is  a  cross-section  of  the  top 
chord  showing  the  relative  positions  of  the  vertical  Cc  and 
the  diagonal  Cd, 

The  width  of  the  vertical  has  been  taken  as  8i  inches 
(Part  1).  If  pin  plates  are  required»  they  will  be  placed  on 
the  insides  of  the  channels,  as  shown  at  ^»  Fig*  10»  and  the 
heads  of  the  rivets  that  connect  them  to  the  channels  will  be 
flattened  to  a  height  of  t  inch  on  the  outside  of  the  channeL 
This  makes  the  vertical  8i  4- 1  +  i  ~  9t  inches  wide  over 
the  rivet  heads.  The  eyebars  /, /that  form  the  diagonal  Cd 
are  placed  outside  the  vertical,  and  as  close  to  it  as  possible. 
It  is  customary  to  allow  iV  inch  between  the  eyebars  and 
other  members  or  rivets  heads,  so  in  this  case  their  inner 
surfaces  will  be  9t  inches  apart;  and  since  they  are  i  inch  in 
thickness,  their  outer  surfaces  will  be  9i  +  I-  +  f  =  111  inches 
apart*  Allowing  i\  inch  on  each  side  for  clearance,  and 
i  inch  for  the  height  of  the  flattened  rivet  heads  on  the 
inside  of  the  chord,  gives  lli+iV  +  iV+B+f=  12  inches 
for  the  distance  between  the  webs  of  the  chord,  as  shown  in 
Fig,  10(*), 

In  the  following  pages,  the  pins  and  pin  plates  will  be 
designed.  In  the  first  joint,  the  diameter  of  the  pin  will  he 
assumed  at  random,  and  the  required  diameter  found  by  the 
usual  method,  that  is,  by  successive  trials.  The  same  gen- 
eral method  is  used  in  practice  for  all  the  other  joints;  but 
in  order  to  economize  space  in  this  Section,  the  diameter  of 
each  pin  as  obtained  after  several  trials  will  be  given  at  once, 
and  this  value  will  then  be  verified. 

19.     Pins  and  Pin  Plates  at  Joint  C— The  stresses 

in  the  members  that  meet  at  Care  shown  in  Fig-  11,     They 
are  the  maximum  stresses  in  these  members,  and  are  not 
stmultaneotis:  that  is,  the  stress  in  the  diagonal  Cd  is  not  a    ' 
maximum  when  those  in  the  chord  members  are  greatest^^^ 
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and  vice  versa.  In  the  desigfn  of  top-chord  pins,  howeveri  it 
is  customarj  to  ig^nore  the  maicimum  stresses  in  the  chord 
members,  as  a  part  of  the  stress  is  transmitted  from  one 
panel  to  the  nest  without  passing  through  the  pin.  It  is 
simply  necessary  to  ascertain  in  each  case  the  greatest 
amount  of  stress  transmitted  to  the  chord  at  the  joint;  in  the 
present  case,  this  is  equal  to  the  horizontal  component  of  the 
stress  in  Cd^  and  is  found  by  multiplying  the  maximum 
stress  in  Cd  by  cos  H\  in  this  case,  it  is  1S9|000  X  *595 
=  82J00,  Then,  the  maximum  stress  in  the  vertical  being 
known,  the  maximum  forces  acting  on  the  pin  are  as  shown 


in  Fig*  10  {e).  The  dead  panel  load  of  4,765  pounds  is  dis- 
tributed over  the  pin  by  various  members,  but  wiil  for 
convenience  be  assumed  to  be  applied  at  the  centers  of  the 
eyebars* 

The  diameter  of  the  pio  will  be  assumed  to  be  4  inches* 
Th€n»  since  the  total  stress  in  the  vertical  is  116,600  pounds, 
and  the  working  stress  in  bearing  on  the  pin  is  22,000  pounds 
per  square  inch,  the  required  thickness  of  bearing  for  C€  is 

-^^^^M^  =  L324  inches 
4  X  22.000 

The  web  of  a  10-inch  20-pound  channel  (member  Cc)  is 

,38  inch   thick,  so  that   the   thickness  to  be  made   up  by 

pin  plates  is  1.32  —  2  X  -38  =  .56  inch,  or  .28  inch  on  each 

channel.     Two  pin  plates  e,e,  Fig,  10  (a)  and  (d),  A  inch 

thick,  will  be  used*     Then,  the  thickness  of  bearing  for  each 

channel  will  be  »3S  +  .31  =^  *69  inch,  the  center  of  which  is 

,69  n-  2  =  .345  inch   from  the  back  of  the  channeL    The 
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enters  of  bearings  for  the  two  sides  of  the  vertical  member 
are,  then,  8*6  —  ,345  —  ,345  =  7,81  inches  apart,  as  shown  at 
A  and  A' in  Fig,  10  (c). 

The  required  thickness  of  bearing  of  the  top  chord  is 

82J0O 


=  *94  inch 


■  4  X  22,000 

or  .94^2  ^  ,47  inch  on  each  side.  U  the  8''XtV'  side 
plates  that  form  part  of  the  member  CD  are  continued  a 
short  distance  beyond  C  as  shown  at  ^t  Fig*  10  (a),  the 
thickness  of  bearing  on  each  side  will  be  t  inchi  which  is 
sufficient,  and  the  centers  of  bearing  for  the  two  sides  of  the 
chord  will  be  12  +  J125  -(-  .3125  =  12.625  inches  apart,  as 
shown  in  Fig.  10  {d}. 

As  the  eyebars  are  9|  inches  apart  and  |  inch  thick,  the 
distance  between  their  centers  is  10}  inches,  as  shown  in 
Fig.  10  (f)  and  (d). 

'  Assuming  that  the  stress  in  each  half  of  a  member  acts  as 
a  concentrated  toad  at  its  center  of  bearing,  the  horizontal 
forces  that  act  on  the  pin  at  Care  shown  in  Fig.  10  {d}  and 
the  vertical  forces  in  Fig*  10  {c}* 

It  will  be  observed  that  the  bending  moment  at  any  point 
between  k  and  /t\  Fig,  10  (c),  is  equal  to  the  moment  of  the 
Couple  formed  by  the  two  equal  forces  at  either  end  of  the 
pin.     The  lever  arm  of  tbis  cotiple  is 

Ii  X  (10.25  -  7.81)  =  2.44  -  2  =  1.22  inches 
The  moment  iSi  therefore, 
58.2.50  X  1.22  =  71,065  inch-pounds  (=  M-) 
It  is  evident  that  the  moment  at  the  left  of  A  or  at  the 
^i^ht  of  A'  is  less  than  this. 

Similarly,  the  bending  moment  at  any  point  between  ^ 
^^^^£\  Fig.  10  id),  is 

4i,g50  X  ^^^^'^-^Q-^^  ^  49,100  inch-pounds  ( =  M^} 


For  the  resultant  moment  w^e  have,  therefore, 


IAf  =  V71,0a5'  -h  49  JOO'  =  86,400  inch-pounds 
Consulting  Table  XLI,  since  the  working  stress  in  bend- 
^  on  the  pin  is  22,000  pounds  per  square  inch*  it  is  seen 
2^  St  a  pin  3i  inches  in  diameter  is  the  smallest  that  has 
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the  required  value  of  resisting  moment.  The  various  steps 
will  BOW  be  repeated  J  using  3*  inches  for  the  diameter  of 
the  pin. 

The  required  thickness  of  bearing  for  the  vertical  is  now 

1^^-^^      ^  1.513  inches 
3.5  X  22,000 

Two  1-inch  pin  plates  will  be  used,  making  the  thickness 
of  bearing  on  each  side  ,38  +  *38  =  ,76  inch,  and  the  distance 
between  the  centers  of  bearings  7.74  inches,  as  shown  in 

Fig.  12.  The  bending 
moment  due  to  the  verti- 
cal forces  is"oow  58,250 
X  1.255  =  73,100  inch- 
pounds;  that  due  to  the 
horizontal  forcts  re- 
mains the  same  as  be- 
fore, since  the  thickness  of  bearing  of  top  chord  used  before 
is  sufficient.  Then,  the  corrected  value  of  the  maximum 
bending  moment  on  the  pio  is 
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V49,100'  +  73,100'  =  88,100  inch^pounds 
A  pin  Sa   inches  in  diameter  has   a  sufficient   resisting 
moment,  and  will  be  used, 

20.  The  total  width  or  thickness  of  bearing  on  each  side 
of  the  vertical  Cr,  Fig.  10,  is  *76  inch*  If  the  stress  is 
assumed  to  be  evenly  distributed  over  this  width,  then, 
since  the  thickness  of  the  pin  plate  is  I  inch,  the  amount  of 
stress  transmitted  by  each  plate  is 

II X  58,250  =  29,125  pounds 
.76 

The  rivets  that  connect  the  pin  plates  to  the  channel  are 

\  inch  in  diameter  and  shop  driven;  the  value  in  single  shear, 

4,860  pounds,  is  the  smaller*     The  number  of  rivets  required 

to  transmit  the   stress  In  the  pin  plate   to  the  channel  is, 

therefore,  29,125  h- 4,860  =  6.     In  addition  to  the  required 

number,  which  will  be  placed  below  the  pin,  it  is  customary 

to  put  a  few  rivets  above  the  pin  to  hold  the  pin  plates  firmlf 

to  the  web  of  the  channel,  as  shown  in  Fig*  13,     Since  the 
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dtstaDce  c  (Table  XIII)  for  a  lO-inch  20-pound  chaDnel  is 
Bi  inches,  the  pin  plates  will  be  made  8  inches  wide* 

The  section  of  the  top  chord  is  decreased  in  area  by  the 
pinhole,  but  in  this  case  this 
is  more  than  made  up  by  the 
^inch  plates  oo  the  sides. 

21.    Plus  and  Pin  Plates 

at  Joints  1>  a^€l  A\ — The 

required  sizes  of  the  pins  at 

Z?and  Ey  Fig.  9,  can  be  found 

hf  proceeding    in   the  same 

iray  as  for  joint  C     In  the 

present  case,  and  almost  in- 

rajriably  in  the  kind  of  truss  under  consideration!  they  both 

Trork  out  smaller  than  that  required  at  C  but  for  the  sake  of 

niaiformity  they  are  made  the  same  size  as  at  C    Pin  plates  ^, 

Fi^.  14,  7  in*  X  t\  in.,  with  four  rivets  below  and  two  above 

tti^  pinhole  will  be  riveted  to  the  insides  of  the  channels  of 

C>  ^  and  Ee;  no  pin  plates  are  required  on  Ef,  but  it  is  cus- 

toiaiary  in  the  best  practice  to  provide  at  least  one  plate. 

The  upper  chord  is  decreased  in  section  by  the  pinholes 
at  Jy  and  E\  to  restore  the  lost  section ^  vertical  plates  a, 
Fifi:.  15,  will  be  riveted  to  the  insides  of   the  webs.     As 
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^  the  thickness  of  metal  at  D  and  E  through  which  the  pin 

I  passes  is  ^  inch  on  each  side  of  the  chord,  the  lost  section  is 

I  34^  X  f  =  2.625  square  inches.     A  plate  14  in.  X  t  in.  will  be 

I  a^ded  on  each  side;  the  net  width,  deducting  the  diameter 

L  of  the  pinhole,  is  l&i  inches,  and  the  area  is  3,94  square 
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mcbes.  This  is  more  than  is  necessary,  but  the  plate  is  made 
thicker  than  required,  on  account  of  the  fact  that  at  D  the 
rivets  connecting  the  plate  to  the  web  will  have  to  be 
countersunk  on  the  inside,  to  make  room  for  the  eyebars 
composingr  Z?^,  and  that  the  depth  of  a  countersunk  head  of 
a  l-ioch  rivet  is  I  inch  (Table  XIX),  Hence,  thinner  plate 
cannot  be  used- 

The  working  stress  m  DE  is  14,170  pounds  per  square 
inch  (see  Desigti  <?/  a  Highway  Truss  Bridge^  Part  I);  and, 
since  the  section  is  decreased  2*625  square  inches  on  each 
side*  the  amount  of  stress  that  must  be  transmitted  by 
each  of  these  reinforcing  plates  is  2.625  X  14,170  =  S7,200 
pounds.  The  rivets  that  connect  these  plates  to  the  web  of 
the  cliord  are  i  inch  in  diameter  and  shop  driven;  the  value 
in  single  shear,  4,860  pounds,  is  the  smaller*  The  number 
of  rivets  required  in  each  plate  on  each  side  of  the  pio  is, 
then,  37,200  -r  4,860  =  7  J,  or,  say,  8,  The  countersunk 
rivets  in  these  plates  are  not  considered  as  transmitting 
any  stress  {B.S.,  Art.  109). 

22.  Pin  and  Pin  Plates  at  Joint  B,— The  stresses  in 
the  members  that  meet  at  B  are  shown  in  Fig*  11.  They  are 
the  maximum  stresses,  and  are  not  simultaneous;  the  stress 
in  ^^  is  greatest  when  there  is  a  full 
panel  load  at  B,  those  in  a  B  and  B  C 
are  greatest  when  the  truss  is  fully 
loaded,  and  that  in  ^^  is  greatest 
when  the  joints  from  c  to  the  right 
are  loaded.  It  is  customary,  in  the 
design  of  the  pin  at  the  hip  joint  B^ 
to  assume  that  the  stresses  in  aB 
and  Bb  are  maximum  at  the  same 
time,  and  then,  using  the  stresses  in 
these  members  shown  in  Fig.  11,  to  find  by  the  method  of 
joints  the  simultaneous  stresses  in  ^C  and  B  c^  using  the 
equations  S  X  =  0  and  2'  K  =  0.  On  this  assumption,  the 
simultaneous  forces  that  act  on  the  pin  are  shown  in  Fig,  16; 
it  is  unnecessary  to  consider  the  dead  panel  load  at  B, 
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The   custornary  arran^emeiit  of  members  at  joint  B  is 
shown  in  Fig*  17^  in  which  [a)  \s  the  elevation  of  the  joint? 
Kb}  is  the  cross-section  of  the  top  chord  and  side  elevation  of 
the  pijij  showing  the  arrangement  of  members;  and  (^r)  and 
{d)  are  half  top  views  and  hall  bottom  views  of  the  top 
chord  and  end  post,  respectively.     The  top  chord  and  end 
posts  are  cut  off  on  the  line  ee^  leaving  about  I  inch  clear- 
ance between  them;  the  flange  angles  and  webs  of  the  two 
members  are  almost  the  same  distance  from  the  center  of 
the    trusSt  and   the   members  bear  against  opposite  sides 
of  the  pin.     Pin  plates  /are  riveted  to  the  inside  of  the  end 
post  and  extend  beyond  the  pin  tip  into  the  top  chord;  pin 
plates  g  are  riveted  to  the  outside  of  the  lop  chord,  and 
extend  beyond  the  pin,  enclosing  the  end  of  the  end  post, 
The  eyebars  ^,  b  that  form  the  diagonal  Be  are  placed  inside 
the   chord  and  the  end  post,  as  close  as  possible  to  the 
inside  pin  plates  /  of  the  end  post*  the  rivets  in  this  plate 
t>eitiff  countersunk  on  the  inside  of  the  plate  to  allow  the 
eye  bar  to  get  close  to  it.     The  hip  vertical  /  is  attached  to 
the  pin  by  means  of  hanger  plates  /,/  that  are  as  close  as 
I^ossible  to  the  inside  of  the  eyebars.   The  plates  k  and  /  are 
tie-plates;  the  adjacent  ends  of  the  top  tie-plates  are  covered 
by  the  bent  plate  m  that  is  riveted  to  the  end  of  the  top 
chord*     The  two  angles  shown  in  cross-section  at  n  are  the 
top  flange  angles  of  the  portal;  it  is  customary  to  place  them 
above  and  to  continue  them  across  the  top  chord,  as  shown ^ 
connecting  them  to  it  by  means  of  the  bent  plates  a  and^. 


23,  In  the  discussion  of  joint  C,  the  clear  distance 
between  the  webs  of  the  top  chord  was  found  to  be  12  inches; 
it  is  customary  to  have  the  distance  at  B  the  same.  Since 
the  webs  are  t^  inch  thick,  the  distance  between  the  vertical 
legs  of  the  flange  angles  is  121  inches.  The  flange  angles 
of  the  end  post  will  also  be  placed  12|  inches  apart.  Since 
the  webs  of  the  end  post  are  i^  inch  thicks  the  clear  distance 
between  them  will  be  111  inches. 

The  required  diameter  of  the  pin^  found  by  trial,  is 
4{  inches.    This  value  will  now  be  verified.    The  maximum 


i. 
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stress  itt  aB  and  S  C  being  272,100  pounds,  and  the  working 
stress  in  bearing  22,000  pounds  per  square  inch,  the  required 
thickness  of  bearing  for  each  of  these  members  is 


272,100 


=  2.6  inches, 


4.75  X  22,000 

OT  1*3  inches  on  each  side  of  the  member* 

The  webs  of  the  end  posts  are  iV  inch  thick,  and  the  side 
plates  t  inch  thick.  Pin  plates  /, /,  Fig,  17,  I  inch  thick, 
will  be  riveted  to  the  inside,  makings  a  total  thickness  of 
liV  inches  bearing  on  each  side.  As  the  clear  distance 
between  the  webs  Is  Hi  inches,  the  clear  distance  between 
the  plates  /  is  11  inches,  and  the  distance  between  the  cen- 
ters of  the  bearings  is  12i'V  inches.  Since  the  pin  plates  are 
i  inch  thick,  and  the  total  width  of  bearing  on  each  side  is 
1t^  inches,  the  amount  of  stress  transmitted  by  one  pin  plate  is 

r  ^^|ZL  X  136,050  =  38,900  pounds, 

I  li3125 

and  the  number  of  rivets  required  to  connect  the  plate  to  the 

end  post  is  38,900  ~  4,860  =  8. 

The  webs  of  the  top  chord  are  tV  inch  thick.     Pin  plates  ^, 

Hn.  X  t  in.,  will  be  placed  on  the  outside  of  the  member 

between  the  vertical  legs  of  the  flange  angles;  pin  plates  r, 

14  in.  X  1  in.,  will  be  placed  outside  of  the  vertical  legs  of 

the  angles  and  the  plates  ^;  and  pin  plates  ^,14  in.  X  t  in., 

will  be  placed  outside  of  the  plates  r  and  enclosing  the  end 

I  of  the  end  post*     This  makes  the  total  thickness  of  bearing 

at  each  side  1 A  inches,  and  the  distance  between  the  centers 

of  bearings,  13iV  inches.     The  numbers  of  rivets  required  to 

connect  these  plates  to  the  top  chord  are: 

.375 


'plate»14inM  X  I  in.| 


'Plate,  14  in.,  X  i  in., 


Plate,  8  in*  X  t  in., 


1.3125 


X  136,050 


4,860 
jf^jX  136,050 


=  8  rivets 


.375 


1.3125 


4.860 
X  136,050 


=  5.4,  or,  say,  6  rivets 


4,860 


=  8  rivets 
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In  Pis:.  17  (a),  there  are  ten  rivets  (not  cotintinc:  counter- 
sunk rivets)  in  the  ri^^ht-hand  end  of  plate  g^  five  rivets  ii3 
the  plate  r  beyond  the  end  of  ^,  and  eic:ht  rivets  in  the  plate  < 
beyond  the  end  of  plate  r.  This  is  the  customary  way  o* 
arrans^ing:  the  rivets  when  more  than  one  pin  plate  is  used  •       1 

24.    The  clear  distance  between  the  pin  plates  /  on  th  ^ 
end  post  was  found  to  be  11  inches;  leaving  iV  inch  clearanc  ^ 
on  each  side  makes  the  outside   surfaces  of   the   eyebar*   ^ 
10}  inches  apart,  their  centers  being:  lOl  —  li  =  9f  inche       ^ 
apart,  and  their  inside  surfaces  lOi  —  li  —  li  =  8f  inche       ^ 
apart.     Leaving:  iV  inch  clearance  on  each  side  makes  th^  ^ 
outside  surfaces  of  the  hans:er  plates  /  of  the  hip  vertica,  ^^ 
8i  inches  apart,  as  shown  at  the  top  of  Fig.  17  (^).     It  i:^      ^ 
customary  to  make  the  hanc:er  plates  not  less  than  f  incl^K^ 
thick,  although  in  many  cases  thinner  plates  give  sufiBcien   ^^^ 
bearing  on  the  pin.     A  plate  f  inch  thick  will  be  used  in  th^^  ^ 
present  case.     No  calculation  will  be  made  for  the  requirec^^  ^ 
thickness  of  bearing,  as  the  actual  thickness  is  greater  thac:^^  -^ 
necessary;   the  required  net  section  of  the  hanger  plates  ^^^> 
however,  must  be  computed. 

In  Design  of  a  Highway  Tniss  Bridge^  Part  1,  the  required:^  -^ 
net  section  oi  B  b  was  found  to  be  4.7  square  inches.     Ir^  -^ 
B.  S,y  Art.  143,  it  is  specified  that  riveted  tension  members  """^^^ 
shall  have  a  net  section  through  the  pinhole  25  per  cent  :^  ^^' 
greater  than   the  net  section  of   the   member.     Since   th^  ^^^ 
required  net  section  of  ^  ^  is  4.7  square  inches,  the  required^  ^^ 
net  section  of  the  hanger  plates  through  the  pinholes  is  ^  i^ 
1.25  X  4.7  =  5.88  square  inches.    As  there  are  two  plates  <^^  -s* 
each    plate   must   have   a   net    section    equal    to   5.88  -=-  ^        2 
=  2.94  square  inches.     Hanger  plates  10  in.  X  f  in.  will  b^^i=^ 
used;  the  net  width  (deducting  the  diameter  of  the  pin)  i:  i    is 
10  —  A\  =  5*  inches,  and  the  net  area  is  5i  X  f  =  8.28  square  ^-^re 
inches,   which   is   sufficient.     The   rivets   that  connect   th»  -^^=ie 
hanger  plates  to  ^^  are  f  inch  in  diameter,  shop  driven,  an»  -^:=3d 
in  single  shear;   their  value  is  4,860  pounds.     Then,  sinc-^'""^g 
the  stress  in  ^^  is  75,500  pounds,  the  number  of  rivet^^^^ 
required  to  connect  each  plate  is  37,750  +  4,860  =  7.8,  o"       r, 


/ 
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Say,  8.  In  Fie:.  17  (d),  the  distance  between  the  outer  sur- 
faces of  the  hanger  plates  is  shown  as  8i  inches;  then,  the 
distance  between  centers  of  bearings  is  8i  —  f  =  7i  inches. 

25.  The  horizontal  forces  acting  on  the  pin  are  shown 
in  Fig.  18  (a),  and  the  vertical  forces  in  Fjg.  18  (d).  The 
neatest  moment  due  to  the  horizontal  forces  is  between 
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Pio.  18 

^  and  ^,  and  is  constant;  it  is  equal  to  the  moment,  about  r, 

of  the  forces  on  the  left  of  ^,  or 

134,000  X  1.781  -  81,000  X  1.281  =  134,900  inch-pounds 
The  greatest  moment  due  to  the  vertical  forces  is  between 

d  and  d';  it  is  constant  between  these  two  points,  and  is 

equal  to  the  moment,  about  d,  of  the  forces  on  the  left  of  d,  or 
109,300  X  2.219  -  71,600  X  .9375  =  175,400  inch-pounds 
Then,  the  greatest  bending  moment  on  the  pin  is  from 

d  to  d\  and  its  value  is 

Vl34,900-  +  175,400*  =  221,300  inch-pounds 
Consulting  Table  XLI,  it  is  seen  that  a  4|-inch  pin  has 

sufficient  resisting  moment. 

26.     PacklnflT    of    Bottom    Chord. — The    process    of 
arranging  the  members  on  the  bottom-chord  pins  is  spoken 
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of  as  packing  the  bottom  chord,  and  the  arransrement  is 
called  the  bottom-cliord  packinsr*  The  packm^  for  the 
truss  tinder  consideration  is  shown  in  Fie:.  19.  It  is  cus- 
tomary to  draw  first  the  cross-sections  /,  /  of  the  verticals, 
and  show  the  location  of  the  webs  h^  h  and  side  plates  ^.^  of 
the  end  post.  Next,  the  diagonals  i,  i  are  placed  close  to 
the  verticals;  in  the  present  case,  their  inner  surfaces  will  be 
placed  tV  inch  from  the  backs  of  the  channels,  the  same  as  at 
joint  C,  to  allow  i  inch  for  the  heis:ht  of  rivet  heads  and 
iV  inch  for  clearance.  The  counter  j  is  connected  to  the 
center  of  the  pin.  Next,  the  eyebars  that  form  the  bottom 
chord  are  placed  in  position  on  the  pins  outside  of  the  dias:- 
onals,  and  as  close  to  them  and  to  each  other  as  possible. 
In  calculating  the  location  of  the  eyebars  on  the  pins,  it  is 
assumed  that  there  is  iV  inch  space  between  the  heads  of 
eyebars.  The  eyebars  of  the  bottom  chord  are  always 
alternated  on  the  pin;  that  is,  there  is  first  placed  one  that 
comes  from  the  panel  on  one  side,  as  k^  Fig.  19  (^),  then  one 
from  the  panel  on  the  other  side,  as  /,  then  k'  and  then  /^  as 
shown,  until  all  the  bars  are  on. 

The  rules  given  in  B,  5".,  Art.  139,  regarding  the  packing 
of  the  bottom  chord  must  always  be  carefully  observed. 
For  example,  it  is  seen  in  Fig.  19  that  no  two  eyebars  in  the 
same  panel  are  in  contact,  and  that  no  eyebar  diverges  from 
the  center  line  by  more  than  iV  inch  per  foot.  The  distances 
from  the  center  of  the  bottom  chord  to  the  various  eyebars 
are  shown  in  Fig.  19;  the  calculation  of  these  distances  is 
simply  a  matter  of  addition. 

27.  In  packing  the  eyebars  on  the  pins,  it  is  seldom 
possible  to  have  any  of  them  exactly  parallel  to  the  center 
line  of  the  chord;  so  that  one  end  of  each  bar  will  usually  be 
farther  from  the  center  line  than  the  other  end,  the  difference 
being  spoken  of  as  the  dlvergrence.  For  example,  the  eye- 
bar  m,  panel  cdy  is  6-iV  inches  from  the  center  line  at  c, 
and  6iV  inches  at  d,  so  that  the  divergence  is  frrtr  —  6A 
=  4  inch.  In  packing  the  eyebars,  it  is  well  to  determine 
the  allowable  divergence  in  a  panel.     Since,  in  the  present 
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case,  the  panels  are  20  feet  loDg;  and  the  bars  are  allowed  to 
diverge  as  much  as  iV  inch  per  foot  [B,  S^,  Art,  139),  the 
total  allowable  diveri^ence  in  a  panel  is  20  X  iV  —  li  inches; 
that  is,  the  center  of  an  eyebar  cannot  be  more  than  li  inches 
farther  from  the  center  line  at  one  end  than  at  the  other. 
The  dimensions  given  in  Fig,  19  {a)  will  be  discussed  later- 
One  of  the  bottom-chord  pins  will  now  be  designed  to 
illustrate  the  method  of  procedure*  The  same  general 
method  applies  to  the  other  bottom-chord  pins. 

28*     FIbs  and  Ftn  Plates  at  Joint  d, — In  the  design 

of  the  bottom-chord  pins,  the  conditions  are  somewhat 
different  from  those  in  the  top  chord,  on  account  of  the  fact 
that  in  the  former  the  stresses  in  the  chord  members  are 
entirely  transmitted  from  one  panel  to  the  next  by  means  of 
the  pins.  In  general,  there  are  two  conditions  of  loading  that 
require  to  be  considered.  They  are*  first,  when  the  stresses 
in  the  chord  members  that  meet  at  the  pin  are  maxima, 
and,  second,  when  the  stress  in  the  main  diagmtal  that 
connects  to  the  pin  is  a  maximum.  One  of  these  two  condi- 
tions will  always  determine  the  required  diameter  of  the 
pin.  For  each  condition  it  is  necessary  to  calculate  the 
simultaneous  stresses  in  the  members. 

The  pin  at  the  joint  d^  Fig,  9,  will  first  be  designed  for  the 
maximum  chord  stresses  m  cd  and  de^  which  are  —  272,100 
and  —340,100  pounds,  respectively,  as  given  in  Fig.  IL 
The  stresses  in  the  chords  are  greatest  when  there  is  a  fuU 
load  on  the  truss,  under  which  condition  the  counter  ^£  is 
out  of  action,  and  the  only  forces  acting  at  d  are  the  stresses 
in  Cdy  cd,  de,  and  Dd,  together  with  the  panel  load  at  d. 
Since  the  floorbeams  are  riveted  to  the  vertical. posts  above 
the  pin,  the  panel  load  at  d  is  applied  to  the  pin  at  the  same 
place  as  the  stress  in  Dd*  The  horizontal  component  in 
Cd,  when  the  stresses  in  the  chord  members  are  maxima, 
is  equal  to  the  difference  between  the  stresses  in  de  anded, 
or  340,100-272400  =  68,000  pounds.  The  vertical  com- 
ponent of  the  stress  in  Cd  is 

68,000  tan  H  =  68,000  X  H  =  91,800  pounds 
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The  stress  that  is  txansmittcd  to  the  pin  at  its  contact  with 
the  vertical  must  be  91,800  pounds,  eqnal  to  the  vertical 
component  in  Cd.  The  forces  that  act  on  pin  d  for  this 
condition  are  shown  in  Wiz»  30. 
As  only  the  components  of  the 
stress  in  Cd  are  required,  it  is 
not  necessary  to  compute  the 
actual  stress  in  this  member. 

For  this  condition,  the 
quired  diameter  of  the  pin  is 
found  to  be  4i  inches.  This 
value  will  now  be  verified. 
The  only  member  for  which  the  required  thickness  of  bear- 
ing must  be  computed  is  the  vertical  Dd.  The  (greatest 
stress  transmitted  to  the  pin  by  the  vertical  is  sweater  than 
that  shown  in  Pic:.  20,  since  the  stress  shown  in  Fig:.  20  is 
that  in  Dd  when  the  stresses  in  the  chord 
members  are  greatest;  it  is  also  sweater 
\l^^  than  the  stress  in  Dd  shown  in  Fig:.  11,  on 
account  of  the  panel  load  applied  to  Dd 
above  d;  it  is  equal  to  the  vertical  component 
of  the  maximum  stress  in  Cd,  that  is, 

t  139,000  X  ^  =  111,700  pounds 

33.6 

Then,  the  required  thickness  of  bearing  is 

111.700  1  n^  •    u 

4.875X22.000  =  ^"^  ''''^'' 

or  .62  inch  on  each  side. 
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Two  pin  plates 
tV  inch  thick  will  be  riveted  to  the  inside  of 
the  member.  Since  the  web  of  a  9-inch 
16-pound  channel  is  .29  inch  thick,  the  total 
width  of  bearinc:  on  each  side  of  the  member 
is  .29  +  .31  =  .60  inch;  since  the  channels 
are  8i  inches  apart,  the  distance  between 
the  centers  of  bearinsfs  is  7.9  inches.    The  number  of  rivets 
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required  in  each  pin  plate  is 


.60 


X  111,700 


2  X  4,860 


=  6.    The  lower 
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end  of  this  vertical  is  shown  in  Fig,  2L  The  pin  plate  is 
shown  at  a  I  and  the  lower  end  of  the  diaphragm  for  the  fioor 
connection  is  shown  at  h. 

The  horizontal  forces  acting  on  the  pin  at  d  are  shown  in 
Fig*  22  (a),  and  the  vertical  forces  io  Fig.  22  (^).  The 
bending  moment  due  to  the  vertical  forces  is  constant  from 
^  to  ^^  and  equal  to  45,900  X  11 75  =  53,930  inch-pounds. 
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The  bending  moments,  in  inch-pounds,  caused  at  the  different 
points  by  the  horizontal  forces  are  as  follows; 

at  c.  85,025  X  1.031 .    ,  =    87,660 

at  d,  86.025  X  2.062  -  68,025  X  1.031 ^  105,190 

at  e,  85,025  X  (L031  -h  3.093)  -  68.025  X  2.062  .  ,  =  210.380 
at/,85,025x  (1.969+4.031)- 68,025  X  (.9376+3.0)  =  242.300 
It  can  be  seen  that  the  bending  moment  is  greatest  at  /: 
it  is  constant  from  /  to  /^  Then,  the  greatest  bendine 
momen^on  the  pin  is  from  ^  to  ^^  and  its  value  is 
V53^930' +  242,300'  =  248,230  inch-pounds.  Consulting 
Table  XLI,  since  the  working  stress  in  bending  is  22,000 
pounds  per  square  inch,  it  is  seen  that  a  pin  4i  inches  in 
diameter  has  sufficient  resisting  moment. 
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It  is  necessary,  in  the  calculation  of  bending:  moments  due 
to  the  horizontal  forces,  to  calculate  the  moment  at  each 
eyebar  or  other  member;  for,  under  some  conditions  of 
packinsT,  the  bending  moment  at  some  such  point  as  d  or  e, 
due  to  the  horizontal  forces  alone,  is  greater  than  that  at  any 
other  point  due  to  the  combined  horizontal  and  vertical  forces. 

29.  This  pin  will  now  be  tried  for  the  stresses  on  it 
when  the  stress  in  the  diagonal  Cd  is  a  maximum;  this 
stress  is  given  in  Fig.  11  as  — 139,000  pounds.  The  hori- 
zontal component  of  this  stress  is 

20 


139,000  X 
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^  82,740  pounds 
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The  stress  transmitted  to  the  pin  by  the  vertical  under 
this  loading  is  equal  to  the  vertical  component  of  the  stress 
in  Cd,  or,  as  found  in  Art.  28, 
111,700  pounds.  The  simulta- 
neous stresses  in  the  chords  can 
best  be  found  by  considering 
the  live-  and  dead-load  stresses 
separately.  The  maximum  live- 
load  stress  in  Cd  occurs  when 
the  live  load  extends  from  the 
right  end  up  to  joint  d  and  there 
is  no  live  load  to  the  left  of  d;  then,  the  only  external  force 
acting  on  the  truss  to  the  left  of  the  panel  cd  is  the  left 
reaction,  which,  under  these  conditions,  is  evidently  equal  to 
the  shear  in  panel  cd.  This  was  found  in  Design  of  a  High- 
way Truss  Bridge,  Part  1,  to  be  70,425  pounds.  Since  there 
are  no  live  external  forces  on  the  truss  to  the  left  of  d,  except 
a  reaction  of  70,425  pounds,  the  live-load  stress  in  ^^  is 
70,425  X  40 
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=  -  104,330  pounds 


The  dead-load  stress  is  given  in  Part  1  as  —  122,360 
pounds.  Then,  the  total  stress  in  cd  for  this  loading  is 
104.330  +  122,360  =  226,690  pounds. 

The  stress  in  de  will  be  found  by  adding  to  the  stress 
in  cd  the  horizontal  component  of  the  stress  in  Cd,  which 
gives  226,690  +  82,740  »  309,430  pounds.   The  forces  acting 
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on  the  pin  are  shown  in  Fig.  23.  The  horizontal  forces 
acting:  on  the  pin  are  shown  in  Fig:.  24  (a),  and  the  vertical 
forces  in  Fig.  24  (*).  The  bending  moment  due  to  the 
vertical  forces  is  greatest  from  ^  to  ^,  and  its  value  is 


Pig.  24 

55,850  X  1.175  =  65,600  inch-pounds.  The  bending  moments. 
in  inch-pounds,  caused  at  diflEerent  points  by  the  horizontal 
forces  are  as  follows: 

at  r,  77.360X1.031  .    .    .    .   ; =    79.760 

at  d,  77.360  X  2.062  -  ,56,670  X  1.031 =  101.090 

at  ^.  77,360  X  (1.031 +  3.093) -56,670x2.062'.  .  =202,180 
at/,77,360x(1.969-h4.031)-56,670x(.9375-t-3)  =  241,000 

The  greatest  bending  moment  is  from  ^  to  ^',  and  is 
\'65,6()0'-h  241,000*  =  249,800  inch-pounds 

Consulting  Table  XLI,  it  is  seen  that  a  pin  4j  inches  in 
diameter  has  sufficient  resisting  moment;  hence,  it  will  be 
used  for  the  joint  d. 

In  the  present  case,  the  required  diameters,  as  found 
for  the  two  conditions,  are  the  same.  This  is  simply  a 
coincidence;  if  the  diameters  had  come  out  difiEerent,  it 
would  have  been  necessary  to  use  the  larger. 
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30.  Pins  at  Joints  e  and  e. — The  method  of  finding:  the 
diameters  of  the  bottom-chord  pins  at  joints  c  and  e  is  entirely 
similar  to  that  cfiven  in  the  preceding:  articles,  and  should 
present  no  difficulty.  In  the  present  case,  they  both  work 
out  less  than  that  required  at  d,  but  for  uniformity  they  will 
both  be  made  the  same  size  as  at  d,  that  is,  4l  inches  in 
diameter.  It  is  customary  to  make  all  the  bottom-chord 
pins  the  same  size,  so  that  it  is  necessary  in  each  case  to  find 
the  pin  on  which  the  bending  moment  is  the  greatest.  This 
pin  can  only  be  found  by  trial  and  computation. 

31.  Pin  at  Joint  b. — At  the  joint  d  there  is  no  stress 
transmitted  to  the  chord  from  the  vertical,  but  the  pin  is 
passed  through  plates  in  the  bottom  of  the  vertical,  similar 
to  the  hanger  plates  at  the  top.  The  only  stresses  that  need 
\>e  considered  at  this  joint  are  the  stresses  in  the  bottom 
chords  ad  and  dc.  The  eyebars  on  this  pin  are  not  placed 
close  to  the  vertical,  but  are  so  placed  as  to  run  as  straight 
as  possible  from  joint  c  to  joint  a;  at  the  latter  joint  the  eye- 
bar  is  usually  placed  outside  the  end  post  and  as  close  to  it 
as  practicable. 

32.  Pin  at  Joint  a. — The  forces  acting  on  the  pin  at  the 

joint  a  are  the  stresses  in  a  ^  and  a  b,  the  load  from  the  end 
floorbeam,  and  the  reaction.  The  maximum  stress  in  a ^  is 
+  272,100  pounds.  The  load  from  the  end  floorbeam  is 
given  in  Design  of  a  Highway  Truss  Bridge,  Part  1,  and  is 
9,644  +  36,260  ^  45,894  pounds.  The  reaction  is  equal  to 
the  sum  of  the  vertical  component  in  a^  and  the  load  at  a, 
or  218,615  +  45,894  =  264,510  pounds.  The  stress  in  a  ^  is 
given  in  Fig.  11;  but,  as  the  stresses  in  a  ^  and  a  b  were  found 
for  difiEerent  conditions  of  loading,  there  is  a  slight  incon- 
sistency at  this  joint;  that  is,  the  maximum  stress  in  a  ^  is 
not  exactly  equal  to  the  horizontal  component  of  the  maxi- 
mum stress  found  in  a  B.  Under  such  conditions,  it  is  best 
to  take  for  the  stress  in  ab,  in  the  design  of  the  pin  at 
joint  a,  the  horizontal  component  of  the  stress  in  a  B^  or 

272,100  X  ^  =  161,960  pounds, 
oo.o 

13«— 17 
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which  in  this  case  is  a  small  amount  in  excess  of  the  stress 
in  ad.  The  external  forces  acting^  at  the  joint  a  are  shown 
in  Fig.  25,  A  4i-inch  pin  will  be  tried 
first,  this  beingf  the  size  of  the  remainder 
of  the  bottom-chord  pins. 

The    load  from  the  end    floorbeam    is 

applied  to  the  pin  by  means  of  a  riveted 

chair  or  seat  shown  at  /,  Fig,  7  (^),  which 

is  riveted  to  the  end  post,  so  that  this  chair 

and  the  end  post  act  as  a  single  member 

3  in  so  far  as  the  load  on  the  pin  is  con- 

S  cemed.     To   find   the  required  combined 

thickness  of  bearing  of  the  chair  and  end 

Flo.  2&  post,  it  is  necessary  to  find  the  resultant 

of  the  load  from  the  floorbeam  and  the  stress  in  aB,  Fig<  25. 

This  is  evidently  the  same  as  the  equjlibrant  of  the  reaction 

and  the  stress  in  a  by  that  is, 

V584.610'  +  161,960'  ^  310,160  pounds 
The  actual  direction  of  this  resultant  is  of  no  importance; 
it  is  shown  in  its  approximate  position  by  the  dotted  line  in 
Fig,  25,     The  required  thickness  of  bearing  for  the  com- 
bined chair  and  end  post  is,  then, 

—^10,160 2.89  inches, 

4,876  X  22,000  ' 

or  1*44  inches,  say  ItV  inches  on  each  side.  The  side  plates 
of  the  end  post  are  i  inch  thick;  the  webs  are  i^  inch  thick; 
the  side  plates  /  of  the  chair,  Fig*  7  (^),  will  be  made  i  inch 
thick;  the  total  thickness  on  each  side  is>  therefore, 
ItV  inches*  It  is  not  necessary  to  calculate  the  number  of 
r,vets  required  to  transmit  the  stress  in  the  plate  /  to  the 
floorbeam  and  end  post;  as  a  rule,  if  the  ordinary  rules  of 
rivet  spacing  are  followed,  there  will  be  an  excess.  Since 
the  webs  of  the  end  post  are  11}  inches  apart,  the  chair 
plates  will  be  lOf  inches  apart »  and  the  centers  of  bearing 
lOi  +  li^*  =  12A  inches  apart.  The  outside  surfaces  of 
the  side  plates  of  the  end  post  are,  then,  12iV  +  lA 
=  13|  inches  apart.  Leaving  i  inch  clearance  on  each  side 
makes  the  inside  surfaces  of  the  eyebars  13i  inches  apart, 
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and  the  centers  of  the  eyebars  14}  mches  afMirt*  as  shown  in 
Fig.  19  (a). 

The  load  is  transmitted  to  the  abutment  by  means  of  a 
Vailt-np  pedestal,  the  vertical  webs  n,  ir.  Fig.  19  (a),  of  which 
are  inside  the  end  post  The  reqoired  thickness  of  the 
vertical  plates  is 

.  pJi^^^JL^nnn  =  2.47  inches. 
4.875  X  22,000 

or  1.23,  say  li  inches,  on  each  side.     It  is  somewhat  better 

to  make  this  np  with  two  plates  i  inch  thick  than  to  nse  one 

H-inch  plate.     The  inside  surfaces  of  the  chair  plates  are 

lOf  inches  apart.     Leaving  i  inch  clearance  on  each  side 

makes  the  vertical  webs  of  the  pedestal  91  inches  apart 

center  to  center. 

The  horizontal  forces  acting  on  the  pin  at  a  are  shown  in 
^i«.  26  ia);  the  vertical  forces,  in  Fig.  26  (^).  The  bend- 
ins  moment  dne  to  the  horizontal  forces  is  80,980  X  1.344 
=  108,840  inch-pounds,  and  is  constant  from  c  to  c';  that 
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^^^  to  the  vertical  forces  is  132,265  X  1.469  =  194,300  inch- 
Potinds,  and  is  constant  from  d  to  d'.  The  g:reatest  bending: 
foment  on  the  pin  is  then  from  d  to  d\  and  is 

Vl08,840'  +  194,800*  =  222,700  inch-pounds 
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Consultinc:  Table  XLI,  it  is  seen  that  a  pin  4}  inches  in 
diameter  has  a  sufficient  resisting  moment;  but,  as  the 
remaining  bottom-chord  pins  are  to  be  made  41*  inches  in 
diameter,  the  latter  size  will  be  used  for  joint  a  also.  The 
detail  of  joint  a  will  be  discussed  presently. 


BEABING8 

33.  Required  Area. — ^The  required  area  of  bearing 
for  each  end  of  each  truss  is  found  by  dividing  the  reaction 
by  the  working  pressure  on  the  masonry.  Since  the 
reaction  is  264,510  pounds,  and  the  masonry  is  cement 
concrete,  on  which  the  working  pressure  is  300  pounds  per 
square  inch  (B.  5.,  Art.  103),  the  required  area  of  bearing 
is  264,510  -r  300  =  881.7  square  inches.  If  the  bedplate  is 
made  square,  it  should  be  about  30  inches  square.  The 
actual  dimensions  depend  on  other  details,  such  as  rollers,  etc. 

34.  Pedestal. — Built-up  pedestals  like  that  shown  in 
Fig.  27  are  used  for  pin-connected  trusses.  The  bottom  of 
the  pedestal  is  made  the  same  length  as  the  length  of  the 
bedplate;  the  width  depends  somewhat  on  the  distance 
between  the  vertical  webs,  which  are  just  inside  the  end  post. 
The  height  of  the  pedestal  depends  on  the  allowable  distance 
from  the  bottom  of  the  truss  to  the  top  of  the  bridge  seat; 
it  is  desirable  to  keep  the  top  of  the  bridge  seat  above  high 
water.  In  general,  the  height  should  be  about  one-half  the 
length;  hence,  in  this  case  it  will  be  made  15  inches. 

In  Fig.  27,  {a)  is  the  elevation  of  joint  a,  and  shows  the 
pedestal,  the  rollers,  and  the  chair  e  that  supports  the  end 
floorbeam;  (^)  is  an  end  view  of  the  joint;  {c)  is  a  top  view 
of  the  pedestal;  and  {d)  is  a  top  view  of  the  rollers.     The 
bottom   plate  /  of  the  pedestal   is   generally  made   about 
li  inches  thick,  and  the  angles  ^,^  that  connect  the  vertical 
webs  h  to  the  base  plate  /  are  made  6  in.  X  6  in.  X  I  in. 
The  rivets  that  connect  the  angles  g  to  the  plate  /  are  counter- 
sunk on  the  under  side.     The  diaphragms  t,  i  are  riveted  to 
the  vertical  webs  to  stiffen  the  pedestal.     In  the  chair  e,  a 
diaphragm  j  is  inserted  between  the  side  plates,  in  order  to 
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distribute  the  load  from  the  floorbeam  more  evenly  bctwees^a 
the  two  sides.  At  one  end  of  the  bridge,  the  fixed  end,  tt^^ 
base  plate  /rests  directly  on  the  masonry,  and  is  anchors c3 
to  it  by  means  of  anchor  bolts.  At  the  other  end,  rollers  ar-^ 
placed  under  the  plate  /,  as  shown  at  k^  in  order  to  alld^ 
that  end  to  move  back  and  forth  as  the  temperature  chans^e^  • 

35.     Rollers. — The  allowable  pressure  per  linear  incb 
on  the  rollers  is  given  in  B.  5.,  Art.  103,  as  600  /?.    I  n 
the  present  case,  the  smallest-sized  roller  (3  inches,  B,  5*.  , 
Art.  153)  gives  suflScient  resistance  to  transmit  the  reac- 
tion, as  will  be  shown  presently.     It  is  customary  to  space 
the  rollers  about  i   inch  apart  for  the  full  length  of  the 
pedestal.     In  the  present  case,  if  the  end  rollers  /,  /  are  each 
placed  i  inch  from  the  end  of  the  plate  /,  there  is  just  room 
for  nine  rollers  in  the  length  of  the  pedestal.     The  rollers 
are  usually  made  at  least  as  long  as  the  distance  between 
the  outside  edges  of  the  base  angles  g^  in  this  case  about 
23  inches.     Nine  rollers  at  23  inches  gives  207  linear  inches 
of  rollers,  which,  at  600  X  3  =  1,800  pounds  per  linear  \n^> 
can  support  372,600  pounds.     As  this  is  greater  than  ^^ 
reaction,  these  rollers  (that  is,  nine  rollers  23  inches  lo«^^' 
are  sufficient.     If  the  allowable  load  had  been  less  than     ^ 
reaction,  it  would  have  been  necessary  to  use  either  loi^-  ^^ 
rollers  or  rollers  of  larger  diameter. 

The  rollers  are  fastened  together  so  as  to  form  wha  ^  . 
known  as  a  roller  nest,  in  the  manner  shown  in  Fig.  27  ^^ 
Short  bolts  w,  w,  known  as  studs,  about  i  inch  in  diame 
are  set  into  the  ends  of  each  roller  about  li  inches,  and 
ends  left  to  project  i  inch  at  each  end.     A  flat  bar  7^^^ 
placed  on  each  end  of  the  rollers,  and  the  short  bolts  fit  i^    ^ 
holes  in  this  bar.     The  bars  n  are  kept  in  position  by  t"^ 
bolts  0  and  additional  bars  p  at  each  end  of  the  nest;  ^^^^ 
bars  /  are  i  inch  longer  than  the  rollers,  and  are  inserl^^^ 
between  the  ends  of  the  side  bars  n,     A  plate  about  2  incl"^^^^ 
in  thickness  is  inserted  under  the  rollers  to  give  them^     ^ 
smooth  surface  to  roll  on,  and  also  to  distribute  the  pressu^''^ 
more  evenly  over  the  masonry.     The  bearing  surfaces  abo  '^^ 


\ 
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«ttd  below  the  rollers  are  provided  with  projections  g  that  fit 
ittto  c^rooves  r  planed  in  the  rollers,  and  are  for  the  purpose 
oi  preventins:  the  pedestal  and  rollers  from  moving  sidewise. 
'I'he  base  plate  of  the  pedestal  and  the  bedplate  are  con- 
tinued out  beyond  the  ends  of  the  rollers  a  sufficient  distance 
(Sfenerally  3i  or  4  inches)  to  allow  the  insertion  of  the 
anchor  bolts  s  that  hold  the  pedestal  and  bedplate  in  posi- 
tion. At  the  expansion  end,  the  holes  in  the  base  plate 
through  which  the  anchor  bolts  pass  are  made  just  wide 
enough  to  allow  the  insertion  of  the  bolts,  and  long  enough, 
as  shown  at  /,  to  allow  the  base  plate  and  pedestal  to 
move  backwards  and  forwards. 


liATEBAIi  CONNECTIONS 

36.  Upper  liateral  Truss. — Fig.  28  shows  the  connec- 
don  of  the  diagonals  of  the  upper  lateral  truss  to  the  top  of 
the  top  chord:  a  and  b  are  the  diagonals,  and  c  and  d  are 


Pxo.28 

%Z  angles  that  help  to  connect  a  and  b  to  the  connection 
late  e.  This  plate  also  acts  as  a  tie-plate  for  th^  top  chord, 
eing  extended  out  a  sufficient  distance  to  allow  the  connec- 
ion  of  the  laterals.  The  top  flange  of  the  transverse  frame 
3  also  riveted  to  this  connection  plate;  the  holes  for  the 
onnection  are  shown  at  /. 

S7«'   Tnmsverse  Frame.^ — Pig.  29  shows  the  connectioii 
>f  the  transverse  frame  to  the  truss.    The  upper  flange  a  is 
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riveted  to  the  connection  plate  e  on  top  of  the  top  chord,  as 
explained  in  the  precedinc:  article.  These  ang:les,  together 
with  the  web  members  b  and  the  bottom  flang:e  angles,  are 
connected  to  the  connection  plate  r,  which  is  riveted  to 
the  vertical  post  of  the  truss  by  means  of  the  connection 


Pio.  29 

angles  d\  the  plate  c  is  usually  made  A  inch  thick,  and  the 
angles  d  not  less  than  3  in.  X  3  in.  X  A  in.  The  web  mem- 
bers h  of  the  frame  are  connected  to  the  top  and  bottom- 
flanges  by  means  of  the  A-inch  plates  /.  The  bracket  below 
the  frame  is  composed  of  the  A-inch  web  g\  the  angle  h^ 
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the  same  size  as  the  bottom  flange  angles;  the  curved 
angles  /,  generally  2iin.  X  2i  in.  X  A  in.;  and  the  connec- 
tion angles^-continnations  of  the  angles  d  shown  above. 

38.  Portal. — The  connection  of  the  portal  to  the  end 
post  corresponds  to  the  connection  of  the  transverse  frame 
that  was  just  described.  On  account  of  the  portal  being 
inclined,  however,  the  top  flange  angles  are  connected  to  the 
top  chord  in  the  manner  shown  in  Fig.  17  at  p  and  o.  The 
bent  plate  o  is  continued  out  beyond  the  edge  of  the  top 
chord,  and  serves  as  the  connection  plate  for  the  diagonal  in 
the  end  panel  of  the  upper  lateral  truss,  in  the  same  way  that 
the  plate  e  serves  this  purpose  in  Figs.  28  and  29. 


BRIDGE-SEAT  PliAN 

39.  Fig.  80  is  the  bridge-scat  plan  for  the  bridge  that 
has  just  been  designed.  The  distance  between  the  centers 
of  bedplates  or  pedestals  d,  d  is  shown  equal  to  the  span,  in 
this  case  160  feet.  The  fronts  of  the  pedestals  are  placed 
1  foot  from  the  neat  line  of  the  abutment,  making  the  neat 
lines  2  feet  3  inches  from  the  center  of  the  pedestal  at  each 
end,  or  155  feet  6  inches  apart.  The  face  of  the  parapet  is 
placed  6  inches  from  the  back  edge  of  the  pedestal  and 
1  foot  9  inches  from  the  center  of  the  pedestal.  This  makes 
the  bridge  seat  4  feet  wide  from  neat  line  to  parapet.  It  is 
common  practice  to  make  the  bridge-seat  stone  2  feet  thick 
for  a  span  of  this  length,  and  to  have  it  project  about  6  inches 
heyond  the  neat  line. 

The  distance  from  the  top  of  the  floor  to  the  top  of  the 
bridge  seat  is  found  by  adding  together  the  vertical  distances 
occupied  by  stringers,  floorbeams,  rollers,  pedestals,  etc. 
In  Fig.  1  it  can  be  seen  that  the  distance  from  the  top  of 
the  floor  to  the  center  of  the  pins  in  the  bottom  chords  is 
5  feet  3i  inches.  In  Art.  34,  it  was  decided  to  make  the 
pedestal  1  foot  8  inches  from  the  center  of  the  pin  to  the 
bottom.  Then,  the  distance  from  the  top  of  the  floor  to 
the  top  of  the  bridge  seat  at  the  fixed  end  (right-hand 
end)  is  6  feet  6i  inches.    At  the  roller  end,  the  distance  is 
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increased  by  the  rollers  8  inches  in  diameter  and  the  bed- 
l^late  2  inches  in  thickness,  making:  the  distance  6  feet 
X  li  inches,  as  shown  in  Fig:.  30. 

The  top  of  the  parapet  is  sometimes  finished  even  with 

ttie  top   surface   of  the   sidewalk  and   roadway.     This   is 

ol)jectionable  because  the  parapet  makes   a   ris:id   surface 

o^er  which  the  traffic  must  pass.     This  surface  does  not 

^vv-ear  down  as  fast  as  the  approach  leading:  to  the  brid£:e, 

^with  the  result  that  it  forms  a  lump  or  ridg:e  at  each  end, 

3Xid  this  is  a  g:reat  inconvenience  to  the  traffic.     A  somewhat 

l>etter  method  is  to  finish  the  parapets  level  with  the  tops  of 

tbe  string:ers,  so  that  the  fioor  plank  can  be  continued  over 

tliem.    In  Fig.  SO,  the  parapet  from  a  to  ^  is  level  with  the 

tops  of  the  sidewalk  string:ers,  that  from  ^  to  r  is  level  with 

the  tops  of  the  roadway  stringers,  and  that  from  do  c  is  level 

with  the  tops  of  the  stringers  under  the  railway  track. 
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0TB. — ^The  tables  referred  to  in  this  Section  are  the  Brufge  Tables 
ished  with  the  Course.  The  abbreviation  B,  S,  stands  for  Britlge 
iftcations,  which  forms  another  Section  of  the  Course, 
order  to  shorten  the  work,  the  correct  shape  will  invariably  be 
sn  the  first  time  in  the  following  pages.  The  method  of  arriving 
e  correct  shape  by  trial  has  been  illustrated  sufficiently  in  preceding 


DATA 

.  General  Data. — In  this  Section,  a  through  railroad 
s  bridge  will  be  designed  according  to  the  data  given 
the  next  page.  In  order  to  illustrate  the  method  of 
gning  such  a  bridge,  each  member  will  be  designed  in 
il.  Many  of  the  steps  taken  in  the  following  pages  are 
ormed  mentally  by  experienced  designers;  it  is  necessary 
beginners,  however,  to  perform  almost  all  the  operations 
iven  here. 

.  Kind  of  Brldfire. — As  the  maximum  allowable  dis- 
e  from  the  base  of  rail  to  the  underneath  clearance  line 
feet,  it  is  evident  that  a  through  bridge  must  be  used, 
he  span  is  less  than  150  feet,  riveted  trusses  will  be  used 
S.,  Art.  14).  Trusses  for  railroad  bridges  are  usually 
e  slightly  deeper  than  those  for  highway  bridges,  the 
h  being  generally  from  one-fifth  to  one-sixth  of  the 
th.  In  the  present  case,  an  approximate  mean  will  be 
len  between  these  ratios,  and  the  trusses  will  be  made 
set  6  inches  deep.  In  B.  5.,  Art.  229,  it  is  stated  that, 
iveted  truss  bridges,  panel  lengths  of  from  15  to  20  feet 
best;  in  the  present  case,  eight  panels,  18  feet  each,  will 

itkUi  Ir  hOmmHrnai  Desidook  Company.   EnUrtd  oi  Stationtrt^  HmU.  Lomdm 
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Pot  bridgo  ovwl. 

at 


GsNBRAL  Data 
Highway  and  river 


Oberlin,  Ohio 


Length  and  general  Hlm^n«inn«    One  span  lU  feet  center  to  centfroj 
bearings,  to  span  the  river  and  the  highway  on  one  side  of  the  river____ 


Angle  of  abutments  with  center  line  of  bridge. 


«f 


Width  of  bridge  and  location  of  tmssen    CUar  distance  between  iri^ 

14  feet ^^ 

Floor  syct^"^  Standard  ties  on  steel  stringers  {B,  5.,  Art,  ^L^ 
Number  and  location  of  tracVa  One  steam-railroad  trach  at  cenUf£ 
bridge ^^ 


Loading- 


Cooper*s  £60 


Description  of  abutmenta. 


Granite  abutments 


Distance  from  floor  to  clearance  lin^    Not  over  4  feet  below  base  of  f^ 

**     to  high  water 17  feet 

••     to  low  water 


I       \^^ 


22  feet 


**          ••        ••     to  river  bottom- 
Character  of  river  bottom 

Usual  season  for  floods 


23  feet 


Solid  roch 


April  and  May 


Name  of  nearest  railroad  station- 
Distance  to  nearest  "  "  _ 
Time  limit 


Oberlin,  Ohio 


2  miles 


Six  months 


International  Correspondence  Schools 


Scranton,  Pa. 


Name  of  Engineer 

Address  of     ** 

Rpiniflrifg     "^^P  ^f  highway  at  side  ot  river  is  16  feet  below  base  of  railj^ 

and  12  feet  headroom  is  required,  leaving  4  feet  as  the 

of  floor  from  the  base  of  rail 
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3 


be  used,  as  shown  in  Fig*  L  This  will  make  the  angle 
between  the  diagonals  and  the  horizontal  about  56^,  which 
is  a  good  angle  (B^S.^  Art.  15). 

1 


I 


fro.  1 

3*  Wldtb  of  Brldf^e. — In  the  data,  it  is  stated  that  there 
will  be  one  steam-railroad  track  at  the  center  of  the  bridgep 
The  required  distance  from  the  center  line  of  the  track  to 
the  inside  of  the  truss  is  given  in  B.S^,  Art.  18,  as  7  feet* 
which  makes  the  required  clear  width  14  feet*  AssumtDg 
^at  each  truss  will  occupy  a  width  of  2  feet,  the  distance 
^^nter  to  center  of  trusses  is  16  feet.  In  case  the  width  of 
^e  truss  comes  out  1  or  2  inches  more  or  less  than  the 
Assumed  width,  it  is  unnecessary  to  revise  the  design;  the 
^^orrectiou  can  be  effected  by  making  the  floor  beams  of  such 
'^ogth  that  there  will  be  14  feet  clear  width. 


DESIGN    OF   FLOOR    SYSTEM 


^^P  6thi:n^gebb 

4-  SpAeln^  and  Depth  of  Stringers. — The  stringers 
^ill  be  spaced  6  feet  6  inches  center  to  center  (B.S.,  Art.  16) , 
in  B,  S-r  Art.  49,  it  is  specified  that  the  depth  of  the  stringers 
^hall  be  not  less  than  one-eighth  of  the  pane!  lengthj  in  this 
^ase,  therefore,  the  least  allowable  depth  is  -^  =  2.25  feet. 
It  is  advisable,  when  possible,  to  use  a  somewhat  greater 
f^epth  in  order  to  get  greater  stiffness;  the  stringers  will  be 
made  2.5  feet,  or  30  inches,  deep.  As  this  depth  is 
l^eater  than  that  of  the  deepest  I  beam,  a  plate  girder 
must  be  used, 

5.     Mve-Ijoad  Shears  and  HomentB. — The  live  load 
ihat  goes  to  one  line  of  stringers  and  to  one  truss  is  equal 
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to  one-half  of  Cooper's  E60  loadincTt  < 
shown  in  Fisf.  2.  The  maximum  bendin 
moment  caused  on  a  strinsfer  by  this  loac 
inz  is  found  as  explained  in  Stresses  h 
Bridge  Trusses,  Part  4:  it  occurs  at  th( 
center  of  the  panel  when  the  loads  are  ii 
the  position  shown  in  Fis:.  3,  and  is  equal 
to  212,500  foot-pounds.    The  maximum  end 
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shear  occurs  when  the  loads  are  in  tb 
position  shown  in  Fi^^.  4,  and  is  equal  t 
58,330  pounds.  The  maximum  live-loa 
shear  at  a  section  5  feet  from  the  enc 
which  must  be  computed  for  the  determ 
nation  of  the  rivet  pitch  (see  Design  of  Pla 
Girders,  Part  1),  is  found  to  be  33,33 
pounds.     As  will  be  seen  presently,  it  : 
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unnecessary  to  compute  the  maximum  shea 
at  any  other  section. 

6.  Impact  and  Vibration. — Since  tfe 
stringer  is  a  floor  member,  the  amounts  "^ 
be  added  to  the  shears  and  moments, 
allow  for  impact  and  vibration,  are  as  f« 
lows  (B.  5.,  Art.  25):  to  the  momc^ 
212,500  foot-pounds;   to  the  shear  at    t 
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end,  58,330  pounds;  to  the  shear  at  5  feet  from  the  end, 
33,330  pounds. 

7.     Wind  Pressure. — The  wind  pressure  on  the  train 

increases  the  amount  of  load  that  sfoes  to  the  leeward  strinsfer. 

The  center  of  wind  pressure  is  7  feet  above  the  top  of  the 

rail  (B.  S.,  Art.  27)  and  about  8  feet  above  the  top  of  the 

stringers.     The  center  of  moments  will  be  taken  at  the  top 

of  the  stringers.     Then,  since  the  wind  pressure  is  300  pounds 

per  linear  foot  {B.  S.,  Art.  27),  and  the  stringers  are  6  feet 

6  inches  center  to  center  (B.  5.,  Art.  48),  the  increase  in 

300  ^  8 
load  on  the  leeward  stringer  is  — 7rT~  =  369.23  pounds  per 

6.5 

linear  foot.     The  bending  moment  due  to  this  increase,  at 

the  section  where  the  live-load  bending  moment  is  greatest, 

that  is,  at  the  center  of  the  panel,  is  14,950  foot-pounds;  the 

shear  at  the  end  is  3,323  pounds,  and  at  a  section  5  feet  from 

the  end,  1,477  pounds. 

S.     Dead-Load    Moments   and    Shears. — The  weight 

of  the  track  will  be  assumed  as  400  pounds  per  linear  foot, 

one-half  of  which,  or  200  pounds  per  linear  foot,  is  carried 

by  each  stringer.     The  weight  of  the  stringer  will  be  assumed 

to  be  150  pounds  per  linear  foot,  which  makes  the  total  dead 

load  350  pounds  per  linear  foot.     The  bending  moment  due 

to  this  dead  load,  at  the  section  where  the  live-load  moment 

is  greatest,  that  is,  at  the  center  of  the  panel,  is  14,180  foot- 

I>otinds;  the  shear  at  the  end  is  3,150  pounds,  and  at  a  section 

5  feet  from  the  end,  1,400  pounds. 

9«     Total  Moments  and  Shears. — The  total  shears  and 
xnoments  are  as  follows: 

Total   maximum    moment,   212,500  -f  212,500  +  14,950 
H-  14,180  =  454.130  foot-pounds. 

Total  shear  at  the  end,  58,330  +  58,330  +  3,320  -h  3,150 
^  123,130  pounds. 

Total  shear  5  feet  from  the  end,  33,330  +  33,330  +1,480 
-f  1,400  =  69,640  pounds. 

10«     Deslfipi  of  Web. — It  was  decided  in  Art.  4  to  have 
tte  web  30  inches  deep.    The  thickness  will  be  made  A  inch. 
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Then,    the    intensity    ol    shearing    stress    at    the    end    is 

^z- — o_'/l^  o^g\  —  7,297  pounds  per  square  inch>     Consul t- 
dU  X  "IT  {Ib.olDf 

ins:  Table  XXXVI,  it  is  seen  that  the  least  unsupported 

distance   for   the   web   is   25   inches,   aud,   as    the   vertical 

legs  of  the  flange  angles  will   probably  be  closer  together 

than    this,   no    stiffeners   will   be  required.     It  is   therefore 

unnecessary  to  find  the  intensity  of  shearing  stress  at  any 

other  section. 

Hi  Besigm  of  Flanpr^s. — The  required  area  of  flange 
will  be  found  by  the  following  formula,  given  in  Design  oi 
Plate  Girders,  Part  1: 

M^  _  t_k 
shg        8 

In  the  present  case,  everything  is  known  except  kg.  It  has 
been  seen  in  the  preceding  Sections  that  h^  is  usually  less 
than  the  width  of  web;  in  this  case,  it  will  be  assumed  to  be 
27  inches.     Then, 


A  = 


A^ 


464.100  X  12       30  X  tV 


=  12,61  -2.11 


16,000  X  27  8 

=  10.50  square  inches 
Two  anofles  6  in,  X  6  in.  X  i  in.  will  be  used  for  both  the 
top  and  the  bottom  flanges.  The  gross  area  of  the  two  angles 
{Table  IX)  is  11.5  square  inches^and  the  net  area,  deducting 
one  i-inch  rivet  hole  from  each  angle,  is  10,5  square  inches. 
The  distance  between  the  centers  of  gravity  of  the  flanges  is, 
then,  30,25  -  1,68  -  1,68  =  26,89  inches,  and,  therefore, 

=  _4.54.10QX  12^  _  2  ij  ^  i2,67  -  2.11 
16,000  X  26.89 

=  10.56  square  inches. 
Two  angles  6  in,  X  6  in.  X  i  in.  are,  therefore,  sufficient 
for  the  top  flange  and  near  enough  the  required  size  for  the 
bottom  flange. 


4 


*n^ 


12,  lateral  Bracingr  Between  Stringers. — Since  the 
web  is  T^  inch  thick  and  the  top  flange  angles  are  6  inches 
wide,  the  width  of  the  top  flange  is  12A  inches.  Since  the 
panel  length  is  18  feet,  it  is  greater  than  12  times  tbe  width 
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of  the  flansre,  and,  according  to  B.  5.,  Art.  87,  lateral  bracing 
is  required  between  the  top  flanges.  This  will  be  made  of 
^e  same  general  form  as  used  in  the  Section  on  Deugn  of 
^iate  Girders,  Part  2. 

13.    Flansre  Bivets. — The  flange  rivets  are  i  inch  in 

diameter,  shop  driven,  in  double  shear,  and  in  bearing  on 

^e  iV-inch  web;    the   latter  value,   10,830  pounds,  is   the 

smaller.     Since  the  center  line  between  the  two  rivet  lines 

^^  a  6-inch  leg  is  3i  inches  from  the  back  of  the  angle,  and 

^^e  flanges  are  30i  inches  back  to  back,  the  distance  hr 

^tween   the   centers  of   the   rivet  lines   is   30j  —  3S  —  3f 

**  23i  inches.      Then,  the  required  pitch  of   the  rivets  at 

fh  K  h 

^^  end  of  the  stringer,  as  found  from  the  formula  p  =  — -^ 

^^^^ign  ot  Plate  Girders,  Part  1),  is 

^"'^o^of'^  =  2.07  inches; 
123,130 

*^^  at  5  feet  from  the  end. 

10,8^X23.5  ^  3  gg  .^^j^^3 
69,540 
As  the  ties  will  rest  directly  on  top  of  the  top  flange,  the 
^^Uired  pitch  of  rivets  in  the  top  flange  is  nine-tenths  of 
^^  above,  that  is,  1.86  inches  at  the  end  and  3.29  inches  at 
J^et  from  the  end. 

For  practical  reasons,  the  rivet  spacing  in  the  top  flanges 
^^   the   stringers  in  railroad    bridges    should   not   exceed 
^  inches,  the  principal  reason  being  the  fact  that  these 
ivets  transmit  the  load  directly  to  the  web.     The  pitch  is 
^^sually  taken  to  the  next  lower  i  inch.     Then,  the  rivets  in 
^lie  top  flange  will  be  spaced  H  inches  apart  at  the  end  and 
^J  inches  apart  at  6  feet  from  the  end.     Between  these  sec- 
tions, the  pitch  is  gradually  changed  at  the  rate  of  about 
^  inch  each  time,  making  the  successive  pitches  1},  2i,  2j, 
^nd  3i  inches.     It  is  customary  to  make  each  of  these  cover 
approximately  the  same  distance  as  far  as  conditions  will 
permit.     For  example,  in  the  present  case,  the  following 
spacing  may  be  used: 
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12  spaces  at  li  inches  =  1  foot  9  inches 
10  spaces  at  21  inches  —  1  foot  lOi  inches 
6  spaces  at  2f  inches  =  1  foot  4i  inches 

Total  distance  =  5  feet 
Beyond  the  section  at  5  feet  from  the  end,  a  few  spaces  at 
4  inches  can  be  inserted,  and  then  a  pitch  of  Si  inches  used 
iroughout  the  remainder  of  the  flansfe  as  far  as  the  Si-inch 
itch  at  the  other  end. 

14,     Connection  of  Stringrer  to  Floorbeam. — In  the 

esign  of  thef  highway  bridge  in  the  preceding  Sections,  the 
esign  of  the  floor  connections  was  left  until  after  the  design 
f  the  trusses.  In  the  present  case,  the  connections  of  the 
iringer  to  the  floorbeam  will  be  designed  now,  for  in  rail- 
>ad  bridges  it  is  much  less  difficult  to  decide  on  the  type 
E  connection.  Fig.  5  shows  a  typical  connection:  A  A, 
is*  ^  (^)>  ^s  ^^c  usual  cross-section  of  the  floorbeam,  and 
^,  Fig.  5  (^),  is  the  cross-section  of  the  stringer.  The 
tter  rests  on  a  shelf  angle  c  that  is  riveted  to  the  bottom 
ing^e  angles  of  the  floorbeam;  the  connection  angles  d  are 
aced  outside  of  the  flange  angles  of  the  stringer,  and  tight 
lers  e  are  placed  between  them  and  the  web.  Tight  fillers 
■  reinforcing  plates  /  are  also  riveted  to  the  web  of  the 
Dorbeam.  With  this  style  of  connection,  the  smallest  value 
E  the  rivets  that  connect  the  angles  to  the  stringer  is 
J,200  pounds  (|-inch  rivets,  shop  driven,  in  double  shear), 
id  that  of  the  rivets  that  connect  the  angles  to  the  floorbeam 
.  5,410  pounds  (i-inch  rivets,  field  driven,  in  single  shear). 
hen,  the  number  of  rivets  required  to  connect  the  angles 
>  the  stringer  and  to  the  floorbeam  is,  respectively,  since 

le  end  shear  is  123,130  pounds,  ^^  =  9.3  rivets,  and 

23  130 

— 7-—  =  22.8   rivets.     It   is   customary   to   use   the  next 

6,410 

arger  even  number,  24  in  this  case,  for  the  latter,  and  half 

his  number,  12  in  this  case,  for  the  former,  as  shown  in 

?ig,  5.    As  it  is  impossible  to  get  this  number  of  rivets  in  a 

single  row  without  getting  the  rivets  too  close  together, 
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6-inch  angles  are  used,  giving  room  for  two  rows  in  each 
leg.  The  least  allowable  thickness  of  connectioD  angle  is 
t\  inch  {B.  S.,  AtL  51),  so  6"  x  6''  X  tV'  angles  are  used. 
It  is  well  to  make  the  thickness  of  the  connection  angles  at 
least  equal  to  that  of  the  stringer  web.  Had  the  stringer 
web  been  I  inch  thick,  6"  X  6"  X  t"  connection  angles  would 
have  been  used.  

INTERMEDIATE  FLOOBBEAM3 

15*  Ijenirth  and  Depth. — The  length  of  the  fioorbeam 
will  be  taken  as  16  feet,  the  distance  center  to  center  of  the 
trusses*     When  the  connection  represented  in  Fig,  5  is  used. 
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the  floorbeam  is  made  1   foot  deeper  than  the  stringer;  i£ 
this  does  not  give  a  deplh  equal  to  one-sixth  the  lengtlx^ 
{B.  S.,  Art,  49} t  the  shelf  angles  are  placed  farther  from 
the  bottom   flange,   and  stiffeners  are  placed  under  them. 
The  top  flange  of  the  floorbeam  should  never  be  more  than 

about  6  inches  above 
the  top  of  the  string- 
ers, as  it  will  inter- 
fere with  the  rail  if  it 
is  higher  ihan  this* 
In  the  present  case, 
a  web  42  inches  in 
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width  will  be  used  for  the  floorbeam. 

16.  Jjlve-Load  Bhenrs  and  Moments. — The  live  load 
that  comes  on  the  floorbeam  from  one  line  of  stringers  is 
greatest  when  the  loads  are  in  the  position  shown  in  Fig.  6, 

and  is  equal  to  75,830  pounds.     As  the  stringers  are  6  feet 
6  inches  apart,  and  the  floorbeam  is  16  feet  long,  the  loads 


^ita 
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arc  applied  to  the  floorbeam  as  shown  in  Fig*  7.  the  shear 
^om  the  truss  to  the  stnn£er  being  75,830  pounds,  and  the 
Wndmg  moment  on  the  floorbeam  at  the  stringer  connection 
toeing  75.830  X  4.75  =  360,200  foot-pounds.  This  is  also  the 
^alue  ol  the  bending  moment  at  the  center,  as  it  is  constant 
**etweeo  the  stringer  connections, 

17.  Impact  and  Tlbratlon, — Since  the  floorbeam  is  a 
floor  member,  the  amounts  that  must  be  added  to  the  shear 
and  moment  to  provide  for  the  effect  of  impact  and  vibration 
are  as  follows:  to  the  shear,  75^830  pounds;  and  to  the 
moment,  360,200  foot-pounds  {B.  S.,  Art  25). 

18>  wind  Pressure, — In  Art,  7  it  was  found  that  the 
wind  pressure  on  the  train  increased  the  load  on  the  leeward 
stringer  by  369.23  pounds  per  linear  foot.  Then,  the  increase 
in  the  load  on  the  floorbeam  at  the  leeward  stringer  connec- 
tion is  IS  X  369,23  =  6»650  pounds.  There  will  be  a  cor- 
responding decrease 
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in    the   load   on   the 

windward  stringer, 

as  shown  in  Fig,  8, 

in  which  the  increase 

mod  the  decrease  are 

shown  as  a  downward 

and  an  upward  force,  respectively,  Instead  of  adding  them 

to    and  subtracting  them  from  the  loads  shown  in  Fig.  7. 

Taking  moments  about  the  right  end  of  the  floorbeam,  the 

reaction  at  the  left  end,  which  is  also  the  shear  from  the 

truss    to   the  stringer,  is  found    to  be  2,700  pounds,   and 

the  bending  moment  at  the  left-hand  stringer,  2,700  x  475 

5=  12*800  foot-pounds-     It  is  unnecessary  to  find  the  shear 

and  moment  at  the  other  end,  as  they  simply  tend  to  decrease 

those  due  to  live  load. 

19#  Dead  JLoad. — The  dead  load  on  each  stringer 
(Art,  8)  is  350  pounds  per  linear  foot;  the  amount  that  goes 
to  the  floorbeam  at  each  stringer  connection  is  then  350  X  18 
=  6,300  pounds*  The  weight  of  the  floorbeam  will  l>c 
assumed  to  be  200  pounds  per  linear  foot.    The  dead-load 
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-shear  at  tlie  end  is  then  7,900  pounds,  and  the  bendins; 
moment  at  the  stringer  connection  is  36,300  foot-pounds. 

20.  Total  Shear  and  Moment. — The  total  shear  and 
moment  are  as  follows: 

Total  shear  at  the  end,  75,830  +  76,830  +  2,700  +  7,900 
=  162,260  pounds. 

Total  bending  moment  at  the  stringer,  360.200  +  360,200 
+  12,800  +  36,300  =  769,600  foot-pounds. 

21.  DesifiTii  of  Web. — In  Art.   15  it  was  decided  to 

make  the  web  of  the  floorbeam  42  inches  deep.     A  thickness 

of  i  inch  will  be  used.     Then,  the  intensity  of  shearing  stress 

162  260 
at  the  end  is        '    ,    =  6,180  pounds  per  square  inch;  and, 

as  the  shear  is  nearly  constant  from  the  truss  to  the  stringer, 
this  will  be  taken  as  the  intensity  of  shearing  stress  on  that 
portion  of  the  floorbeam.  Consulting  Table  XXXVI,  it  is 
seen  that  the  allowable  unsupported  distance  on  the  web  is 
33  inches.  The  vertical  legs  of  the  flange  angles  will  prob- 
ably be  6  inches  wide,  leaving  the  distance  between  them 
30  inches;  as  this  is  less  than  the  allowable  distance,  no 
stiffeners  are  required. 

22.  Desigrn  of  Flangres. — The  required  area  of  flange 
will  be  found  by  the  formula 

shg       8 
The  value  of  hg  will  be  assumed  to  be  3  inches  less  than 
the  distance  back  to  back  of  the  flange  angles,  that  is,  42.26  —  3 
=  39.26  inches.     Then, 

.  _    769,500  X  12        42x1  ^  14  70      9  or 
"^  "  16,000  X  39.25  ""  ~8~  "  ^^'^^  "  ^'^^ 
=  11.42  square  inches. 
For  the  bottom  flange,  two  angles  6  in.  X  6  in.  X  tV  in. 
will  be  used.     As  there  will  be  no  flange  plates  in  this  case, 
there  is  no  necessity  for  rivets  in  the  outstanding  legs  of  the 
bottom  flange   angles  at   the  point  where   the  moment   is 
greatest,  so  that  it  will  be  sufficient  to  deduct  the  cross-sec- 
tion of  one  hole  from  each  angle.     The  area  of  one  angle  is 
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6.43  square  inches  (Table  IX);  the  area  to  be  deducted  for 
one  i^-inch  rivet  hole  in  material  A  inch  thick  is  .56  square 
inch.  Then,  the  net  area  of  the  two  angles  is  2  (6.43  —  .56) 
=  11.74  square  inches,  which  is  sufficient.  The  center  of 
gravity  is  1.71  inches  from  the  back  of  the  angles. 

For  the  top  flange,  two  angles  6  in.  X  3i  in.  X  iV  in.  and 
one  flange  plate  8  in.  X  i  in.  will  be  used.  They  give  a 
gross  area  of  11.92  square  inches,  which  is  sufficient.  The 
center  of  gravity  is  1.28  inches  from  the  top  of  the  angles. 
This  gives  kg  =  42.25  -  1.71  -  1.28  =  39.26  inches,  which 
is  very  close  to  the  assumed  distance.  It  is  customary  to 
make  the  top  flange  of  the  floorbeam  as  narrow  as  practi- 
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cable,  on  account  of  the  fact  that  it  projects  above  the  string- 
ers and  therefore  lies  between  the  ties  (see^,  Fig.  5),  which 
must  be  spread  to  make  room  for  it. 

23.  liengrth  of  Flangre  Plate. — The  required  length  of 
flange  plate  can  be  found  by  the  curve  of  the  flange  areas  for 
the  portion  of  the  floorbeam  between  the  truss  and  the 
stringer  (see  Design  of  Plate  Girders,  Part  1).  This  curve  is 
shown  in  Fig.  9:    AB  represents  the  distance  from  the  truss 

to  the  stringcr,.i?Z7  the  required  area  (  —  j,  ^-^' one-eighth 

of  the  web  {-^)»  B'  C  the  area  of  the  two  flange  angles,  and 

Ciy  the  area  of  the  flange  plate.  As  the  bending  moment 
from  A  to  B^  due  to  all  the  loads  except  the  weight  of  the 
floorbeam,  varies  uniformly  from  A  to  B^  it  is  customary  to 
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assume  that  the  curve  of  the  flans:e  areas  AD  is  a  strais:ht 
line.  It  is  unnecessary  to  consider  the  required  flans:e  area 
between  the  strinsfers,  as  the  entire  Aange  section  is  carried 
between  them. 

The  line  CC  is  drawn  parallel  toAB,  to  its  intersection  (7 
with  A  A  and  Cc  is  drawn  at  risfht  ansfles  to^^  B;  then,  c  is 
the  section  at  which  the  flangfe  plate  can  be  cut  off.  The 
distance  A  c  can  be  found  very  readily  by  the  formula 

In  the  present  case.  (7^  =  3.28+  7.92  =  11.20,  BD 
=  14.70,  and  ^  iff  =  4.75;  therefore, 

Ac  =  |i|5  X  4.75  =  3.62  feet 

24.  Flangre  Rivets. — The  flang^e  rivets  are  I  inch  in 
diameter,  shop  driven,  in  double  shear,  and  in  bearing  on  the 
1-inch  web;  the  bearing  value,  12,000  pounds,  is  the  smaller. 
Since  the  flange  angles  are  42i  inches  back  to  back,  and  the 
center  line  between  the  gauge  lines  is  3|  inches  from  the 
back  of  the  angles  (Table  XII),  the  rivet  lines  of  the  flanges 
are  42.25-3.375-3.375  =  35.5  inches  center  to  center.  Then, 
(see  formula  in  Art.  13),  the  required  pitch  of  the  rivets  at 

the   end   of   the  floorbeam  is  ^^'??2  ^J^'^  =  2.63  inches. 

162,260 

As  the  shear  is  very  nearly  constant  from  the  truss  to  the 
stringer  connection,  this  pitch  will  be  used  for  that  entire 
distance.  The  shear  between  the  two  stringers  is  practi- 
cally equal  to  zero,  so  that  the  smallest  allowable  pitch,  or 
4i  inches,  will  be  used  in  the  floorbeam  flanges  between 
them  (B.S.,  Art.  57). 

As  the  width  of  the  outstanding  leg  of  the  top  flange  angles 
is  82  inches,  only  one  line  of  rivets  can  be  driven  in  it,  while 
in  the  vertical  leg,  6  inches  wide,  two  rows  can  be  driven. 
The  required  pitch  or  number  of  rivets  in  the  outstanding 
leg  in  this  case  can  be  found  by  considering  the  stress  in  the 
8''  X  \"  flange  plate.  As  the  area  of  the  plate  is  4  square 
inches,   and  the  working   stress   in   compression  is  16,000 
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pounds  per  square  inch  {B.S.,  Art.  29),  the  total  stress 
in  the  plate  is  4  X  16,000  =  64,000  pounds.  The  value  of 
one  rivet  {i  inch  in  diameter,  shop  driven,  in  single  shear)  is 
6,610  pounds.     Then,  the  number  of  rivets  required  to  trans- 

mit  the  stress  to  the  plate  is     *        =  9.7,  or,  say,  10.  That  is, 

6,610 

there  must  be  10  rivets  in  the  top  flans:e  plate,  between  the 
stringer  connection  and  the  end  of  the  plate.  If  it  is  impos- 
sible to  get  this  number  of  rivets  in  the  distance  cB,  Fig.  9, 
without  violating  the  rules  for  minimum  rivet  pitch,  the  top 
flange  plate  will  be  made  longer  than  required  by  the  curve 
of  flange  areas.  In  any  case,  it  is  well  to  make  it  slightly 
longer  than  required. 

23.  Connection  of  Floorbeani  to  Trnss. — The  floor- 
beams  of  railroad  bridges,  especially  in  pin-connected  truss 
bridges,  are  frequently  connected  to  the  vertical  posts  above 
the  lower  chord  in  the  same  way  as  in  the  highway  bridge 
designed  in  the  two  preceding  Sections  of  this  Course.  A 
much  more  usual  connection,  however,  especially  for  riveted 
trusses,  is  shown  in  Fig,  10.  In  this  figure,  {a)  is  the  eleva- 
tion of  one  end  of  the  floorbeam,  showing  the  holes  for  the 
stringer  connection  and  the  cross-section  of  the  bottom  chord 
of  the  truss,  together  with  the  elevation  of  a  vertical  post; 
(d)  is  an  end  view  of  the  connection  angles  of  the  floorbeam; 
{c)  is  a  cross-section  on  the  plane  CC  and  a  plan  of  the  lower 
flange;  and  id)  is  a  top  view  of  a  portion  of  the  top  flange. 
The  stringer  connection  was  considered  in  Art.  14,  and  will 
not  be  further  discussed.  The  splice  in  the  floorbeam  web 
and  the  connection  to  the  truss  will  now  be  considered. 

26.  The  main  object  in  this  type  of  connection  is  to  dis- 
tribute the  load  that  comes  from  the  floorbeam  over  a  greater 
length  of  the  vertical  member,  thereby  insuring  a  better  dis- 
tribution of  the  load  between  the  two  sides  of  the  truss.  For 
this  purpose,  the  depth  of  the  floorbeam  web  is  increased  at 
the  end;  this  is  accomplished  by  splicing  the  web  between 
the  truss  and  the  stringer  at  ^^,  and  allowing  a  portion  /  of  the 
end  of  the  web  to  project  up  through  the  top  flange  angles. 
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The  deep  end  portion  of  the  web,  frequently  called  the  floor- 
beam  grusset,  should  not  come  inside  the  clearance  line,  as 
given  in  B.  5.,  Art.  18,  and  shown  at  jf  in  Fig.  10. 

It  is  not  customary,  in  splicing  a  floorbeam  web,  to  apply 
the  formulas  given  in  Design  of  Plate  Girders,  Part  1,  but 
rather  to  design  the  splice  so  as  to  transmit  the  shear  from 
one  portion  of  the  web  to  the  other.  As  a  rule,  if  the  floor- 
beam  is  over  3  feet  deep,  and  each  splice  plate  h  is  made  the 
same  thickness  as  the  web,  and  three  rows  of  rivets  spaced 
3  inches  apart,  as  shown  in  Fig.  10,  are  put  in  on  each  side  of 
the  splice,  it  will  be  unnecessary  to  make  any  computation. 
When  the  floorbeam  is  less  than  3  feet  deep,  the  splice  plates 
are  turned  into  reinforcing  plates  and  continued  from  the  end 
of  the  floorbeam  out  beyond  the  splice  and  stringer  connec- 
tion. In  the  splice  shown  in  Fig.  10,  the  resisting  moment 
of  the  rivets  is  not  so  great  as  that  of  the  web,  but  at  this 
section  there  is  sufficient  flange  area  even  if  the  effect  of  the 
web  in  resisting  the  moment  is  not  counted;  so  that  it  is  not 
necessary  to  have  the  resisting  moment  of  the  rivets  so  great 
as  that  of  the  web  at  this  section. 

The  rivets  connecting  the  connection  angles  i  to  the  gusset 

are  i  inch  in  diameter,  and  shop  driven.     Their  smallest 

value   is    that    in    bearing   on   the  |-inch    gusset,    and   is 

12,000  pounds.     Since  the  end  shear  on  the  floorbeam  is 

lf)2  2Bn 
162,260  pounds,  the  number  of  rivets  required  is  -r^lc^- 

12,000 

=  13.5,  or,  say,  14.     The  rivets  connecting  the  connection 

angles  to  the  truss  are  field  driven;   their  value  in  single 

shear,  5,410  pounds,  is  the  smallest.    The  required  number 

of  rivets  is  ^'^  =  30. 
5,410 

In  Fig.  10,  there  are  more  rivets  than  are  necessary.     This 

is  a  common  practice,  as  it  is  considered  advisable  to  have  a 

few  extra  rivets. 

27.  No  rule  can  be  given  as  to  the  height  of  the  floor- 
beam  gusset  at  the  end.  In  half-through  plate-girder  bridges, 
the  gusset  is  continued  up  to  the  under  side  of  the  top  flange; 
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in  pony  truss  bridges,  it  is  made  as  large  and  as  high  as  the 
clearance  line  will  allows  in  through  truss  bridges,  as  in  the 
present  case,  its  height  depends  on  the  depth  of  the  Boor- 
beam  and  somewhat  on  the  required  number  of  rivets  in 
the  connection  angle.  In  no  case  should  the  gusset  encroach 
on  the  required  clearance. 

The  gusset  is  cot  near  the  bottom  at  _/  to  allow  for  the  out- 
standing leg  of  the  top  flange  angle  of  the  bottom  chord, 
and  the  connection  angle  i  on  each  side  is  put  on  in  two 
pieces.  The  connection  angles  will  be  made  4  in*  X  4  in. 
Xl  in. 

28.  Between  the  bottom  of  the  floorbeam  and  the  to^^ 
side  of  the  outstanding  leg  of  the  lower  Eaoge  angle  of  th^^^ 
bottom  chord  is  placed  a  plate  k^  \  inch  thick,  which  i  % 
riveted  to  the  chord  and  to  the  bottom  flange  of  the  Aoot- 
beam,  and  serves  the  purpose  of  connecting  the  diagonals  c^f 
the  lateral  truss  to  the  floorbeam  and  bottom  chord.  Tfa© 
lateral  connections  will  be  discussed  further  on» 

29,  In  Fig.  5,  the  distance  from  the  base  of  the  rail     to 

the  top  of  the  stringer  is  7i  inches  {B.  S,^  Art.  48),  and    ttie 
top  of  the  shelf  angle  is  6J  inches  above  the  bottom  of    ttie 
bottom    flange    of    the    floorbeam,    making    the   bottom       *^^ 
the  floorbeam  3  feet  8i  inches  below  the  base  of  the  r^*^^ 
Adding  to  this  |  inch  for  the  thickness  of  the  lateral  co^^- 
nection  plate  k,  and  f  inch  for  the  thickness  of  the  botto^s^ 
chord  angle  /(to  be  found  later),  gives  the  distance  fro^P 
the  base  of  the  rail  to  the  bottom  of  the  bottom  chord  ^s 
3  feet  9i  inches,  as  shown  in  Fig,  10,     This  distance  will  ^^ 
referred  to  again  in  the  foIlQwing  articles. 


END  STRUTS  OB  FKAMES 

30.  For  the  sake  of  variety,  no  end  floorbeam s  will  be 
provided,  although  in  the  best  practice  they  are  always  put 
in.  In  the  present  case,  the  end  stringers  will  be  allowed  to 
rest  directly  on  the  masonry;  and  their  ends  will  be  connected 
to  each  other  and  to  the  ends  of  the  trusses  by  frames,  as 


i 
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shown  in  Fig.  11.  Four  stiflEeners  are  placed  at  the  end  of 
each  string:er  where  it  rests  on  the  masonry,  and  sole  plates 
and  bedplates  1  inch  thick  are  provided,  as  shown  in  Fig.  12. 
In  the  present  case,  the  bedplates  will  be  made  20  inches 
square,  which  is  a  customary  size.  It  is  tmnecessary  to  calcu- 
late the  required  thickness  of  the  end  stiflEeners  on  stringers; 
if  the  smallest  allowable  angles  are  used — in  the  present 
case,  5  in.  X  3i  in.  xf  in.  (B.  5.,  Art.  55)— they  will  be  large 
enough.  End  stringers  are  usually  made  somewhat  longer 
than  the  intermediate  stringers;  the  diflEerence  is  equal  to 
one-half  the  length  of  the  bedplate,  which  makes  the  distance 
from  the  center  of  the  bedplate  to  the  next  floorbeam  equal 


J/' 


Pio.  12 


srs. 


to  a  panel   length.     Otherwise,  the  end  stringers  are 
same  as  the  intermediate  stringers.     As  shown  in  Fig. 
end  frames  are  usually  made  shallower  than  the  stringc 
The  tops  of  the  frames  are  placed  below  the  tops  of  t^^ 
Stringers  that  the  frames  may  not  interfere  with   the  ti^^  ' 
The  bottoms  of  the  frames  are  placed  above  the  bottor^""^^ 
of  the  stringers  so  as  to  have  the  former  above  the  brid^^^ 
seat. 

The  connection  of  the  outside  frames  b,  b,  Fig,  11,  to  tt^^ 
trusses  will  be  considered  later. 
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DESIGN  OF  TRUSSES 


STRESSES 

31.  Instead  of  finding:  the  actual  stresses  caused  in  the 
ifferent  members  by  the  different  loadings,  as  in  Stresses  in 
riige  Trussesy  Part  2,  the  shears  and  moments  will  be  found, 
id,  after  properly  combining;  them,  the  stresses  will  be  cal- 
ilated. 

32.  liiTe-IiOad  Sliears  and  Moments. — The  portion 
the  live  load  that  gfoes  to  each  truss  is  one-half  of  Cooper's 
>0,  as  shown  in  Fig:.  2.  The  portion  that  the  load  must 
cupy  in  order  to  cause  the  greatest  shear  in  a  panel  or 
e  greatest  moment  at  a  panel  point  is  found  by  means  of  the 
inciples  explained  in  Stresses  in  Bridge  Trusses,  Part  4.  The 
aximum  positive  live-load  shears  in  the  different  panels, 
d  the  corresponding:  positions  of  the  loads,  are  as  follows 
eeFig:.  13): 


Panel 

Position  of  Load 

Maximum  Positive  Shear 
Pounds 

ab 

3  at  ^ 

207,850 

be 

3  at  r 

156,910 

cd 

3  at</ 

111,400 

de 

2  at  ^ 

72,220 

ed! 

2  2Xd! 

42,570 

d!d 

2  Site' 

20,310 

dV 

I  at^ 

4,170 

The  maximum  live-load  bending:  moments  at  the  different 
nel  points,  and  the  corresponding:  positions  of  the  loads, 
e  as  follows: 

135—19 
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Panel  Point 

PosiHon  Of  Load 

Mazimuin  Bending  Moment 
Foot-Ponnds 

b 
c 
d 

e 

3  at» 

Satr 

8at^ 

II  at^ 

3,741.300 
6,180,000 
7,571,900 
8,165,600 

33.  Impact  and  Vibration. — The  amount  to  be  added 
to  each  shear  and  bending:  moment  found  above  to  allow  for 
the  effect  of  impact  and  vibration  depends  on  the  leng:th  Z.of 
the  track  that  is  loaded  when  the  shear  or  moment  is  a  max- 
imum. When  load  1  is  off  the  left  end,  the  entire  bridge  is 
loaded,  and  L  is  144  feet;  when  load  1  is  on  the  brids:e,Z,  is 
the  distance  from  the  risrht  end  to  load  1.     For  example, 


when  the  shear  in  the  panel  r  </  is  a  maximum,  load  3  is  at  ^'» 
in  this  case,  since  load  1  is  13  feet  to  the  left  of  ^,and  d  ^^ 
90  feet  to  the  left  of  the  right  end  of  the  truss,  load  1  is  13  +  ^ 
=  103  feet  from  the  right  end;  that  is,  L  =  103  feet.    Appl^' 

ing  the  formula  given  in  B.  5.,  Art.  25  1 1  =      ^^qq)'S'  gi^^^^ 

the  amounts  to  be  added  to  the  shears  and  bending  momeC^ 
as  follows: 


Panel 
ab 

be 

cd 


/  = 


/  = 


/  = 


Shear,  in  Pounds 
^^   X  207.900  =  142,000 


139  +  300 

300 
121  +  300 

300 
103  -h  300 


X  156,900  =  111,800 
X  111,400  =  82,900 
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Pasxl  Shsak,  im  Pounds 

"'  ^=62floO^  ^2.600  =  36.800 

i/V  /  =  jj^loo  X  20.800  =  17.700 

p^J^  BbNDINC  MOIfXMT,  IN  POOT-POUNDS 

'  ^^       X  3,741.300  =  2.556,700 


139  +  800 
800 

1  +  ) 
300 


./  =  13^00  X  6.180.000  =  4.301.700 


-       ,oo      „^X  7.671.900  =  6.246,100 
188  +  300 

e  /  =  13^00  X  8,165.600  =  6.618.500 

34.  Dead-Iioad  Sliears  and  Moments. — The  dead 
load  consists  of  the  weight  of  the  track  and  the  weicfht  of 
the  brids:e.  In  the  s^eneral  data,  it  is  stated  that  the  floor 
shall  consist  of  standard  ties,  and  in  B.  5.,  Art.  23,  it  is 
specified  that  this  type  of  floor  shall  be  assumed  to  weigh 
400  pounds  per  linear  foot.  The  approximate  weight  Wx  per 
linear  foot  of  bridge  can  be  found  by  means  of  the  formula 

„..,,«x.[i+(t=|«)-] 

given  in  B,  5.,  Art.  242.     In  the  present  case,  /  =  144; 
therefore, 
w^  =  l,50o[l  +(^^^":^yi  =  1,937.4  lb.  per  linear  foot 

The  total  dead  load  per  linear  foot  is,  therefore,  400 
+  1,937.4  =  2,337.4  pounds,  of  which  one-half,  or  1,168.7 
pounds  per  linear  foot,  goes  to  each  truss.  The  dead 
panel  load  is  equal  to  1,168.7  X  18  =  21,036.6  pounds,  or, 
practically,  21,000  pounds;  of  this  load,  one-third,  or 
7,000  pounds,  will  be  treated  as  applied  at  each  top  joint, 
and  the  remainder,  14,000  pounds,  as  applied  at  each  lower 
joint  of  the  truss.     {B.  5.,  Art.  23.) 
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The  dead-load  shears  in  the  different  panels  aie  then  u 


follows  (see  Fig.  13): 

Panbi. 

Shsar.  in  Pounds 

at 

73,500  (positive) 

be 

52,500  (positive) 

ci 

31»500  (positive) 

d€ 

10,500  (positive) 

€d' 

10,500  (negative) 

rfV 

31,500  (negative) 

dV 

52,500  (iiegative) 

Va^ 

73,500  (negative) 

The  dead-load  bending: 

moments  at  the  different  panel 

points  are  as  follows: 

Panbl 

Bbnding  Moment, 

Point 

IN  FOOT-PODNDS 

b 

1,323,000 

c 

2,268.000 

d 

2,835,000 

€ 

3,024,000 

35.  Increase  in  Shears  and  Moments  on  Account 
of  Wind  Pressure  on  tlie  Train. — The  load  on  the 
leeward  truss  is  increased  by  the  overturning  effect  of  the 
wind.  The  amount  of  the  increase  can  be  found  by  the  fol- 
lowing formula,  given  in  Stresses  in  Bridge  Trusses^  Part  5: 

Ph 

"  =  -r 

In  this  formula,  P  is  the  intensity  of  wind  pressure* 
300  pounds  per  linear  foot  (B.  5.,  Art,  27);  A*  is  the  dis- 
tance  from  the  center  of  wind  pressure  to  the  lower  lateral 
system,  and  will  be  taken  as  11.25  feet  (see  Fig.  10);  b  is 
the  distance  center  to  center  of  trusses,  in  this  case  16  feet. 
Then, 

w  =  300X11.25  ^  210.94  pounds  per  linear  foot 

The  increase  in  the  panel  loads  is  then  210.94  X  18 
=  3,797,  or,  practically,  3,800  pounds.  The  shears  due  to 
this  increase  are  as  follows: 
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T>Ai^r  PosmvB  Shbar, 

rANBL  ^  Pounds 

ad  13,300 

dc  9.975 

cd  7,125 

de  4,750 

ed'  2,850 

</V  1,425 

c'y  475 

The  bending:  moments  due  to  this  increase  are  as  follows: 

Panbl     Bbnding  Moment, 
Point       in  Foot-Pounds 

*  239,400 

c  410,400 

d  513,000 

e  547,200 

Those  stresses  to  which  the  members  are  subjected  as 
members  of  the  lateral  trusses  will  be  considered  later,  and 
treated  in  the  same  way  as  for  hig^hway  bridges. 

36.  liongritudlnal  Force. — The  longitudinal  force  due 
to  suddenly  stopping  trains  is  taken  care  of  by  connecting 
the  stringers  to  the  diagonals  of  the  lower  lateral  truss  wher- 
ever they  intersect.  No  calculations  are  needed  for  this 
connection;  it  is  made  in  the  most  convenient  way.  The 
laterals  transmit  the  force  to  the  trusses,  which  in  turn 
transmit  it  to  the  abutments. 

37.  Combined  Maximum  Shears  and  Moments. — 

The  combined  maximum  shears  are  as  follows: 
Panbl  Combined  Maximum  Shear,  in  Pounds 

a  b  207,800  +  142,000  +  73,500  +  13.300  =  436,600 
be  156,900  +  111,800  +  52,500  +  10,000  =  331,200 
cd  111,400+  82,900  +  31,500+  7,100=  232,900 
de  72,200  +    57,000  +  10,500  +    4,700  =      144,400 

e(F  42,600+    35,300-10,500+    2,800=        70,200 

^c'  20,300+17,700-31,500+    1,400=  7.900 

(fV  4,200  +      3,900  -  52.500  +       500  =  -  43,900 

Since  the  combined  shears  in  the  panels  ed'  and  d!  c'  are 
positive,  counters  are  required  in  these  two  panels.     Since 
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the  combined  shear  in  the  panel  c'f  is  nefifative,  no  counter 
is  required  in  this  panel. 
The  combined  maximum  bendinfi:  moments  are  as  follows: 

Panbl  Combinbd  Maximum  Bbndzng  Momsnt, 

Point  m  Foot-Pounds 

*  3.741,300+2,556.700+1.323,000+239,400  =    7.860,400 

c  6.180,000+4.301.700+2,268,000+410.400  =  13.160.100 

d  7.571.900+5.246.100+2,835,000+613.000  =  16.166,000 

e  8,165,600+5,618,500+3,024,000+647,200  =  17,355.300 

38.  stresses  in  the  Members. — Since  the  depth  of  the 
truss  is  26.5  feet,  the  maximum  chord  stresses,  to  the  nearest 
100  pounds,  are  as  follows: 

Mbmbbr  Stress,  ux  Pounds 

ad,  be         ^'^^5"^    =  296,600  (tension) 

cd  ^^'26^5^°°  =  -iSS^eOO  (tension) 

de  ^^'26^5^^  "  ^V^fXXS  (tension) 

BC  496.600  (compression) 

CD  610,000  (compression) 

DE  ^^'26?^  "  654.900  (compression) 

The  length  of  the  diagonal  is  V26.5'  +  18'  =  32.035  feet, 
and  CSC  H  =  ^|^^-  =  1-209.  Then,  the  stresses  in  the  diag- 
onals are  practically  as  follows: 

Diagonal  Stress,  in  Pounds 

aB  436,600  X  1.209  =  527.800  (compression) 

Be  331,200  X  1.209  =  400,400  (tension) 

Cd  232,900  X  1.209  =  281,600  (tension) 

De  144,400  X  1.209  =  174,600  (tension) 

Ed'  or  dE     70,200  X  1.209  =    84.900  (tension) 
D'd  or  cD       7,900  X  1.209  =      9,600  (tension) 
The  stress  in  the  hip  vertical  is  equal  to  the  end  shear  on 
the  floorbeam,  which  is  162,300  pounds.     Then,  the  stress 
in  ^^  is  162,300  pounds,  tension. 
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The  stresses  in  the  other  verticals  are  as  follows: 


Mbmbi 

Cc 
Dd 
Ee 

< 

232,1 

144,- 

70,5 

■  -t-^aeeoo    < 

^OMPRBSSrVB  S 

IN  Pound, 
JOO  +  7,000  = 
MX)  +  7.000  = 
»0  +  7.000  = 

jf   -i-e/oooo    1 

TRXSS, 
S 

=  239.900 
=  151,400 
:    77,200 

w 

f         \ 

/                          1 

\   1 

\    / 

f   \ 

\ 

/ 

l^he  above  combined  stresses  are  shown  on  the  members 
'^   I?ig,  14.  

DESIGN  OF  MEMBERS 

39.     Bottom  Chord. — Since  the  working  stress  in  ten- 

^^on  is  16,000  pounds  per  square  inch,  the  required  net  areas 

^^  the  bottom  chord  members  are  as  follows: 

RsQuiRBD  Net  Area. 
IN  Square  Inches 

296.600 


Hbmbbr 


ab^  be 


ed 


=  18.54 


d€ 


16.000 
496.600 
16.000 

610^»  =  38.13 


=  31.04 


16,000 

Pis:.  15  shows  the  usual  type  of  member  used  for  the 
lx)ttom  chords  of  riveted  trusses.  It  consists  of  two  vertical 
^ebs  r,  four  fiancee  ans^les  d,  and,  when  necessary,  two  side 
plates  €.  The  two  sides  of  the  section  are  connected  by 
double  latticinc:  /  at  the  top  and  bottom.  The  customary 
method  of  rivetinfi:  the  parts  of  the  section  tog:ether  is  shown 
in  the  figure.    In  computing  the  net  section,  allowance  must 
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be  made  for  the  s^reatest  number  of  rivet  holes  in  each  part 
of  the  section.     The  rivets  are  i  inch  in  diameter. 

The  usual  depth  of  this  type  of  member  varies  from  about 
12  to  24  inches;  in  the  present  case,  it  will  be  made  15  inches. 
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The  clear  width  between  the  webs  depends  on  the  width 
of  the  web  members  and  other  details,  and  is  generally  from 
12  to  24  inches. 

40.     Desijcn  of  Bottom  Chord  Members. — 1.    Mm- 

bers  a  b  and  be  (Fig.  14). — The  bottom  chord  will  be  spliced 
in  panels  c  d  and  d'  d  close  to  the  joints  d  and  d\  so  that  the 
parts  that  form  a  b  and  b  c  will  also  form  part  of  c  d.    The  fol- 
lowing shapes  will  be  used  for  ab  and  be: 
2  web  plates  15  in.  X  I  in. 
4  angles  Zk  in.  X  3i  in.  X  I  in. 
Three  holes  must  be  deducted  from  each  web,  and  one  hole 
from  each   angle;   then,   the  net   area  of  the  section  is  ^^ 
follows: 

2  plates  15  in.  X  I  in.,  net  section 

=  2  (5.625  -  3  X  .375)    .    .    .  =    9.0    square  inched 
4  angles  oh  in.  X  3.V  in.  X  I  in.,  net 

section  =  4  (3.98 -.625)    .    .  =  13.42  square  inched 

Total  net  section    .    .  =  22.42  square  inches 
This  is  somewhat  more  than  necessary,  but  it  is  desirab^^ 
to  use  these  sizes  in  the  present  case,  because,  by  the  adc^ 
tion  of  two  side  plates  of  about  the  same  thickness  as  tlr^ 
angles,  the  next  member  r</can  be  formed. 

2.  Member  cd, — As  the  web  is  15  inches  deep  and  lY^ 
flange  angles  are  3i  inches  in  width,  the  side  plates  will  t:^ 
made  8  inches  in  width,  and  two  rivet  holes  will  be  deduct^ 
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from  each  plate.  The  net  area  of  two  plates  8  in.  X  i  in.  is 
2(6.0  —  2  X  .75)  =  9.0  square  inches;  this,  added  to  the  net 
area  oi  ab  and  be,  gives  9.0  +  22.42  =^  31.42  square  inches, 
which  is  sufficient. 

3.     Member  de, — The  same  general  form  will  be  used  as 
tored,  except  that  the  webs  will  be  made  i  inch  thick  instead 
of  i  inch.     Then,  the  net  area  is  as  follows: 
2  plates  15  in.  X  i  in.,  net  area 

=  2(11.25  -  3X  .75)  .    .    =  18.0   square  inches 
4  angles  Si  in.  X  Si  in.  X  i  in., 

net  area  =  4  (3.98  -  .625)  =  13.42  square  inches 
2  plates  8  in.  X  f  in.,  net  area 

=  2  (5.0  -  2  X  .625)    .    .    =    7.50  square  inches 

Total  net  area  .    .    =  38.92  square  inches 

41.     liocatlon   of    Center    lilne  of   Bottom    Chord. 

The  center  line  of  the  bottom  chord  will  be  placed  a  short 
distance  above  the  center  of  gravity  of  the  section,  so  that 
the  bending  moment  caused  in  the  chord  members  by  the 
eccentricity  of  the  stress  will  neutralize  that  due  to  the  weight 
of  each  member  considered  as  a  beam  having  a  span  equal 
to  a  panel  length.  The  eccentricity  will  be  found  for  the 
heaviest  member  {de)^  and  will  be  made  the  same  for  all  the 
bottom  chord  members.  The  gross  area  of  de  is  48.4  square 
inches,  and  this  member  weighs  161  pounds  per  linear  foot. 
To  allow  for  the  weight  of  latticing,  the  weight  will  be  taken 
about  10  percent,  greater,  or,  say,  175  pounds  per  linear  foot. 
The  required  eccentricity^,  in  inches,  is  computed  by  the  fol- 
lowing formula,  given  in  Bridge  Members  and  Details,  Part  1: 

In  the  present  case,  w  =  175,  /  =  18,  and  5  =  610,000 
(Art.  38);  therefore, 

'  =  8W^^''  =  -''^°^''°^'^^''*'"^' 
Then,  as  the  center  of  gravity  is  7|  inches  from  the  bottom 
of  the  angles,  the  center  line  will  be  7i  -f-  i  =  7i  inches 
above  the  bottom  of  the  bottom  angles. 
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42.  Main  Diagonals  and  Counters. — In  this  artic^E-Ci 
only  the  tension  diagonals  will  be  designed;  the  design  <A 
the  end  post  will  be  considered  in  connection  with  the  desii 
of  the  top  chord.    The  required  net  areas  are  as  follows: 


Mbmbbk 


Be 


RsQuntED  Net  Arba, 
m  Sqdarb  Imcbbs 


ed 


De 


dE 


cD 


25.02 


=  17.60 


400,400 

16,000 
281.600 

16.000 

16,000 

16,000 

9.600     ^      j^ 


16.000 

For  members  requiring  more  than  about  15  square  inch^ss 
net  area,  the  form  of  cross-section  most  frequently  used    "^ 


PlO.  u 


Fio.  17 


the  same  as  that  of  the  bottom  chord  members  that  have  ju9^ 
been  considered.  For  the  others,  either  two  or  four  angled 
latticed  together  as  shown  in  Figs.  16  and  17  are  used. 
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1.  Member  Be. — Where  the  dias:ona1s  are  riveted  to  the 
connection  plates,  the  web  will  be  reduced  by  three  i-inch 
rivet  holes,  and  each  ansrle  by  one  rivet  hole.  The  follow- 
in  C^  section  will  be  used  for  this  member: 

Squarb 
Inches 

2  plates  15  in.  X  i  in.,  net  area  =  2(7.5  -  3  X  .5)     =  12.00 

4  angles  3i in. X3i  in. Xf  in,,  net  area  =  4(3.98 -.625)  =  13.42 

Total  net  area  =  25.42 

2.  Member  Cd. — The  following  section  will  be  used  for 

this  member: 

Squarb 
Inches 

2  plates  14  in,  X  i  in.,  net  area  =  2(7.0  -  3  X  .5)     =11.00 

4  angles  3  in.  X  3  in.  X I  in., net  area  =  4(2.11  -  .375)  =    6.94 

Total  net  area  =  17.94 

3.  Member  De, — As  the  required  net  area  is  less  than 
^S  square  inches,  this  member  will  be  composed  of  four 
angles.  The  section  of  each  angfle  will  be  decreased  by  one 
^-inch  rivet  hole.  The  following  section  will  be  used  for 
^is  member: 

4  angles  4  in.  X  3  in.  X  i  in.,  net  area  =  4  (3.25  —  .5) 
=  11  square  inches 

4.  Member  dE. — This  member  is  a  counter,  and  the  same 
^3^pe  of  member  will  be  used  as  for  De^  except  that  only  two 
^^gles  are  needed,  as  follows: 

2  angles  4  in.  X  3  in.  X  i  in.,  net  area  =  2  (3.25  -  .5) 
s  5.50  square  inches 

5.  Member  cD. — This  member  is  also  a  counter,  the 
^^quired  net  section  of  which  is  .60  square  inch.     According 

"^o  B.  5.,  Art.  69,  the  net  area  cannot  be  less  than  3  square 

inches,  and  if  two  of  the  smallest  allowable  angles  are  used 

(3  in.  X  3  in.  X  I  in.,   B.  S.,   Art.    39),  the   net   area   will 

be  2  (2.11  —  .376)  -=  3.47  square  inches.     This  is  the  smallest 

section  that  can  be  used,  and  will  be  adopted. 

43.  Compression  Verticals. — The  most  desirable  sec- 
tion for  the  verticals  consists  of  two  channels  with  their 
flanges  turned  toward  each  other  and  connected  by  latticing  /, 
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Fig.  18.  The  easiest  way  to  find  the  proper  sections  is  to 
bes:in  at  the  center  of  the  truss  and  work  toward  the  end, 
trying:  the  smallest  allowable  sections  at  the  center,  and 
increasins:  them  toward  the  end.  The  lengfth  of  a  vertical 
from  center  to  center  of  chords  is  26.5  feet,  or  318  inches. 
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In  B.  5.,  Art.  32,  it  is  specified  that  the  ratio  of  the  length  to 

the  least  radius  of  g^yration  shall  not  exceed  100,  from  which 

it  may  be  seen  that  in  the  present  case  the  least  allowable 

318 
value  of  the  radius  of  s^yi'^tion  is  -—  =  3.18  inches.  If  the 

xKaJ 

channels  are  placed  far  enous^h  apart,  only  the  radius  of 
gyration  about  an  axis  at  rigfht  ansrles  to  the  web  need  be 
considered. 

1.  Afember  Ee  (Fig.  14).— Consulting  Table  XIII,  it  is 
seen  that  the  smallest  channel  having  a  radius  of  gyration  as 
great  as  3.18  inches  is  a  9-inch  13.25-pound  channel;  but  this 
cannot  be  used,  as  its  web  is  less  than  I  inch  in  thickness 
(/?.  5.,  Art.  38).  The  lightest  channel  that  has  the  required 
thickness  is  a  9-inch  20-pound  channel,  and  this  might  be 
used.  A  10-inch  20-pound  channel,  however,  also  has  the 
required  value  of  radius  of  gyration  and  the  required  thick- 
ness, and  as  it  is  not  heavier  and  is  somewhat  stiffer  than 
the  9-inch  channel,  the  10-inch  20-pound  channel  will  be 
tried.     Its  radius  of  gyration  is  3.66  inches,  and,  therefore, 

/  =  |11  =  86.9.  The  working  stress  (Table  XXXV)  is 
r       8.66 

11,270   pounds   per   square    inch.     Since   the   area  of  one 

channel  is  5.88  square  inches,  the  total  allowable  stress  on 

the  member  is  2  X  5.88  X  11,270  =  132,500   pounds,  cona- 

pression.     As  this  is   greater  than  the  stress  in  Ee,  two 

10-inch  20-pound  channels  will  be  used. 
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2.  Member  D  i. — As  the  allowable  stress  in  two   IO*inch 

20-pound  channels  is  less  than  the  actual  total  stress  in  Ddj 

it  is  necessary  to  use  a  heavier  section  for  this  member. 

The  ne^tt  size  of  channel  is  a  10- inch  25-ponnd  channel,  but  it 

is  better  to  use  a  12-inch  25-pound  channel,  which  is  somewhat 

stiffer  and  no  heavier.     The  radius  of  gyration  of  the  latter 

/        318 
channel  is  4,43  inches^  and  -  —  -—z  —  71<8.    The  working 

r       4.43 

stress   (Table  XXXV)   is   12,440   pounds  per  square   inch. 

Since   the  area  of  one  channel  is  7.35  square  inches,  the 

total  allowable  stress  on  the  member  is  2  X  7.35  X  12»440 

—  182,900  pounds^  compression.     As  this  is  greater  than 

the  stress  in  Dd^  two  12-inch  25-pound  channels  will  be  used 

for  this  member. 

3,  Member  Cc. — As  the  allowable  stress  in  two  12-inch  25- 
pound  channels  is  less  than  the  actual  total  stress  in  Cc,  it  is 
necessary  to  use  a  heavier  section  for  this  member*  The 
next  size  of  channel  is  a  124nch  30*pound  channel;  but  it  is 
found  by  trial  as  above  that  this  is  not  large  enough*  Two 
15* inch  33-pound  channels  will  be  tried*     The  radius  of  gyra- 


tion   is   5.62 


inches,  and  -  =  — — -  — 
r       5.62 


56,6.     The   working 


stress  (Table  XXXV)  is  13,580  pounds  per  square  inch. 
Since  the  area  of  one  channel  is  9*90  square  inches,  the 
total  allowable  stress  on  the  member  is  2  X  9*90  X  13,580 
=  268,900  pounds,  compression.  As  this  is  greater  than 
the  stress  in  Cc,  two  15-inch  33-pound  channels  will  be  used* 
lo  order  that  the  radius  of  gyration  with  reference  to  an 
axis  parallel  to  the  webs  shall  be  at  least  equal  to  that  about 
the  axis  at  right  angles  to  the  web,  the  channels  in  all  these 
verticals  must  be  Z?  +  4.r  back  to  back  (see  Design  of  a 
Highway  Trass  Brit^e,  Part  1),  or,  in  this  case,  for  member 
Ce,  9.50  +  4  X  .79  =  12.66  inches.  The  actual  distance 
depends  on  other  details,  but  it  will  be  well  in  the  present 
case  to  make  it  from  12  to  13  inches* 


44,     Hip   Vertical* — The    same    form  of  cross-section 
will  be  used  for  this  member  as  for  the  other  verticals* 
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162  300 

Since  the  stress  is  tension,  the  required  net  area  is  —rr 

16.000 

=  10.14  square  inches.  Two  t-inch  rivet  holes  will  be 
deducted  from  the  web  of  each  channel.  Two  10-inch  20- 
pound  channels  will  be  used.  Since  the  thickness  of  the 
web  is  .38  inch,  the  area  to  be  deducted  for  each  hole 
is  .38  square  inch.  Since  the  ^ross  area  of  one  chanoel 
is  5.88  square  inches,  the  net  area  of  two  channels  is 
2(5.88  —  2  X  .38)  =  10.24  square  inches,  which  is  sufficient. 

45.  Top  Chord. — The  cross-section  usually  employed 
for  top  chord  members  of  riveted  trusses  is  shown  in  Fig.  19. 
It  consists  of  a  top  cover-plate  a,  two  web-plates  d,  four 
flange  angles  c,  and,  when  necessary,  two  side  plates  d. 

The  angles  are  connected  at 
the  bottom  by  latticing  /.  The 
top  chord  will  be  spliced  in  the 
panels  CD  and  Z^  C  (Figs.  13 
and  14),  close  to  points  D  and 
Zy,    respectively,   so   that  the 
parts  that  make  up  B  C  will  con- 
tinue beyond  C  and  form  p^^ 
of  CD.     As  the  width  of  tb^ 
web  members  is  about  13  inch^^' 
^^^^  ^^  the  clear  distance  between  t*^^ 

webs  of  the  top  chord  will  be  assumed  as  14  inches,  leavi^^ 
about  2  inch  on  each  side  for  gussets.     The  same  depth    ^ 
web  will  be  used  as  for  the  bottom  chord,  that  is,  15  inch^ 
As  explained  in  Bridge  Members  and  Details^  when  the  cle^^ 
distance  between  the  webs  of  this  form  of  section  is  great^^ 
than  three-quarters  of  the  width  of  the  web,  as  in  this  cas^' 
the  radius  of  gyration  with  respect  to  an  axis  parallel  to  th^ 
webs  need  not  be  considered,  as  that  referred  to  an  axis  at 
right  angles  to  the  web  will  always  be  less. 

1.  Member  B  C — The  general  method  of  arriving  at  the 
section  of  a  top  chord  member  by  trial  was  treated  at  length 
in  Design  of  a  Highway  Truss  Bridge^  and  need  not  be 
repeated  here. 
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The  following  sectioti  will  be  used  for  this  member: 

Gross  Arjea, 
£N  Square  Inchss 

1  cover-plate  22  in.  X  i  in.  1  LO  0 

2  top  flange  angles  8}  in.  X  3i  in.  X  iV  in.  5.7  4 
2  web-plates  15  in.  X  iin*  1  L2  5 
2  bottom  flange  angles  3i  in.  X  Bk  in.  X  i^  in.  5,7  4 

Total  gross  area  =  3  3.7  3 
The  center  of  gravity  of  this  section  is  5,06  inches  from 
the  top  of  the  top  flange  angles,  and  10<19  inches  from  the 
bottom  of  the  bottom  flange  angles,  as  shown  in  Fig.  20, 
The  radius  of  g^Tation  with    ^^^mm^tm^^^^^^^^^m 
reference  to  an  axis  at  right  *I^ 

angles  to  the  webs  and 
passing  through  the  center 
of  gravity  is  5.92  inches; 
/        216 
r 


=  36.5,  and  the 


Cf/rf^r  a/  Crar//^ 


Pm,  20 


inches* 


5.92 
working    stress   {Table 
XXXV)  is  14.900  pounds 
per   square  inch.     Then, 
since  the  total  stress  in  this  member  is  496^600  pounds, 

ACkft  Ann 
the  required  area  of  cross-section  is  -     *    -  =  33.33  square 

14.900 

As  the  gross  area  of  the  section  tried  above  is 

greater  than  the  required 
gross  area,  that  section  is 
sufficient,  and  will  be  used* 
2.  Member  CZ?.— The 
same  simple  shapes  that 
were  used  for  B  C  will  be 
used  for  C/?,  and,  in  addi- 
tion, two  side  plates  8  in. 
X  i  in.  The  gross  area 
of  these  two  plates  is 
8  square  inches,  which,  added  to  the  area  of  3Q  gives 
8-1-33.73  ^  4L73  square  inches,  gross  area  of  CD*  The 
center  of  gravity  of  this  section  is  5,55  inches  from  the  top  of 


Pug.  21 


jljj^ 
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the  top  flange  angles  and  9.70  inches  from  the  bottom  of  the 

bottom  flange  angles,  as  shown  in   Fig.  21.    The  radios^ 

of  gyration  with  reference  to  an  axis  at  right  angles  to  1 

the   webs   and   passing   through  the  center  of    gravity  is 

/         216 
5.51    inches;   -  =  — —  =  39.2,    and    the    working    stress 
r        5.51 

(Table  XXXV)  is  14,740  pounds  per  square  inch.    Then, 

since  the  total  stress  is  610,000  pounds,  the  required  area 

610  000 
of  cross-section  is         '        =  41.38  square  inches.    As  the 

section  tried  has  a  gross  area  greater  than  the  required  gross 
area,  it  will  be  used. 

3.  Member  D  E, — As  the  top  chord  will  be  spliced  near 
the  joint  Z>,  different  shapes  can  be  used  from  those  used 
in  CD^  but  it  is  advisable  to  adopt  the  same  width  of  top 
plate,  depth  of  web,  and  width  of  legs  of  angles,  althoui:h 
different  thicknesses  may  be  used.  The  following  sections 
will  be  tried  for  this  member: 

Gross  Arba, 
iM  Square  Inches 

1  cover-plate  22   in.  X  A  in.  1  2.3  8 

2  top  flange  angles  3Hn.  X  3i  in.  X  i  in.  6.5  0 
2  web-plates  15  in.  X  I  in.  1 1.2  5 
2  side  plates  8  in.  X  a  in.  8.0  0 
2  bottom  flange  angles  3i  in.  X  3i  in.  X  ^  in.  6.5  0 

Total  gross  area  =  4  4.6  3 

The  center  of  gravity  of 

this  section  is  5.43  inches 

from  the  top  of  the  top  flange 

angles,  and  9.82  inches  from 

the  bottom  of  the  bottom 

flange  angles,  as  shown  in 

Fig.  22.    The  radius  of 

gyration  with  reference 

to  an  axis  at  right  angles 

Pio.  22  to   the   webs   and    passing 

/        216 
through    the   center   of    gravity   is   5.58   inches;    -  =  -— - 

r      5.58 
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=  38.7;  and  the  allowable  workinc:  stress   (Table  XXXV) 

^  is  14,770  pounds  per  square  inch.     Then,  since  the  total 

stress  is  654,900  pounds,  the  required  area  of  cross-section 

fi/V4  900 
is  -frk^ffT  =  44.34  square  inches.     As  the  section  tried  has 

a  s^ross  area  greater  than  the  required  area,  it  will  be  used. 

46.  liocatlon  of  Center  lilne  of  Top  Chord. — The 

center  line  of  the  top  chord  will  be  placed  a  short  distance 
below  the  center  of  s^ravity  of  the  chord  section,  so  that  the 
bendins^  moment  due  to  the  eccentricity  of  the  stress  shall 
counteract  that  due  to  the  weight  of  the  member.  The 
eccentricity  will  be  calculated  for  the  heaviest  member  {D£). 
The  gross  area  of  Z^iE*  is  44.63  square  inches,  and  the  weight 
of  this  member  per  foot  is  151.7  pounds.  To  provide  for 
latticing,  the  weight  will  be  taken  as  160  pounds  per  linear 
foot.     Then,  proceeding  as  in  Art.  41, 

^    160  X  18'    X  12  =  i  inch,  practically 

8  X  654.900  piciwticauy 

For  convenience,  it  is  well  to  have  the  center  line  the  same 
distance  from  the  back  of  the  angles  for  each  member,  so 
that  the  average  location  of  the  center  of  gi:avity  of  BC.CD^ 

and  Z?^  will  be  found.    It  is  5-06  +  5.55  -h  5.43  ^  g  g^  in^\,^^, 

o 

or  61  inches,  below  the  top  of  the  angles;  then,  the  center 
line  is  6i  +  i  =  5i  inches  below  the  top  of  the  top  flange 
angles.  The  different  positions  of  the  center  of  gravity  of 
the  top  chord  members  create  an  objection  to  the  use  of 
unsymmetrical  sections. 

47.  End  Post. — In  Design  of  a  Highway  Truss  Briige, 
it  was  found  necessary  to  revise  the  design  of  the  end  post 
^fter  the  wind  stresses  on  it  had  been  computed;  so,  in  the 
X>resent  case,  the  end  post  will  not  be  designed  before  the 
'^Rrind  stresses  have  been  found.  For  the  purpose  of  compu- 
'^ing  the  exposed  area  of  the  web  members,  the  width  of  the 

Dd  post  will  be  taken  equal  to  that  of  the  top  chord. 


186—90 
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DESIGN  OF  LATERAL  SYSTEM 


WIND  STRESSES 

48.  Wind  Pressure. — ^The  force  to  be  resisted  by  the 
lateral  system  consists  of  the  wind  pressure  on  the  train  and 
that  on  the  trusses,  as  specified  in  B.  5.,  Art.  27.  The  wind 
pressure  on  the  train  is  s^iven  as  300  pounds  per  linear  foot 
of  track;  that  on  the  trusses  depends  on  the  exposed  area  of 
the  members.  To  find  the  exposed  area,  the  lenc^  of  each 
member,  center  to  center  of  joints,  will  be  multiplied  by  the 
width  as  seen  in  elevation;  the  latter  width  will  be  taken 
1  inch  sweater  than  the  width  of  web,  channel,  or  angle  that 
forms  the  member.  On  this  basis,  the  exposed  area  of  the 
web  members  of  one  truss  is  548  square  feet;  of  the  top 
chord,  144  square  feet;  and  of  the  bottom  chord,  192  square 
feet.  The  exposed  height  of  the  floor  will  be  taken  as  the 
distance  from  the  top  of  the  rail  to  the  top  of  the  bottom 
chord,  since  the  portion  of  the  floor  system  lower  than  this 
is  sheltered  by  the  bottom  chord.  In  Fig.  10  (a),  it  can  be 
seen  that  the  exposed  height  of  the  floor  is  about  3  feet; 
then,  the  exposed  area  will  be  3  X  144  =  432  square  feet. 

49.  Upper  Lateral   Truss. — ^The  upper    lateral    truss 

will  be  designed  to  resist  the  wind  pressure  on  the  top  chord 

and  one-half  that  on  the  web  members.     The  exposed  area 

of  the  top  chord  is  144  square  feet,  and  one-half  that  of  the 

548 
web  members    is     0=  274    square  feet;    the    combined 

exposed  area  is,  therefore,  418  square  feet.  In  B.  5*.,  Art.  27, 
it  is  specified  that  the  wind  pressure  shall  be  taken  as  50 
pounds  per  square  foot  on  twice  the  exposed  area  of  one 
truss,  when,  as  in  this  case,  it  produces  greater  stresses  than 
any  other  specified  wind  loading.     Then,  the  total  pressure 
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to  be  resisted  by  the  top  lateral  truss  is  2  X  41S  X  50  «  41,800 

pounds.    As  the  top  chord  is  108  feet  long,  this  corresponds 

41  800 
to  -'      ,  or  387,  pounds  per  linear  foot;  and,  since  the  panels 

are  18  feet  in  length,  the   panel  load  is  387  X  18  =  6,970 
pounds. 
The  upper  lateral  truss,  with  the  wind  panel  loads,  is  shown 


6^  l6'/0d'0'-- 
PlO.  21 

in  Pig.  23.  There  are  five  full  panel  loads  and  two  half  panel 
loads;  the  latter  do  not  affect  the  stresses  in  the  truss,  but 
^U  be  considered  later  in  connection  with  the  portal.  The 
stresses  in  the  members,  determined  in  the  usual  way,  are 
sl^own  in  Fig.  24. 

So.     liO-wer  Iiateral  Truss. — The    lower  lateral    truss 
^ill  be  designed  to  resist  the  wind  pressure  on  the  train,  and 


Fig.  24 

that  on  the  floor,  bottom  chord,  and  one-half  the  web  mem- 
bers. It  is  necessary  in  every  case  to  ascertain  which  of  the 
two  alternative  loadings  given  in  B.  5.,  Art.  27,  causes  the 
s:reater  stresses. 

The  wind  pressure  of  300  pounds  per  linear  foot  on  the  train 
and  30  pounds  per  square  foot  on  one  truss  and  the  floor 
will  flrst  be  considered.  The  panel  load  due  to  the  pressure 
on  the  train  is  300  X  18  =  5,400  pounds,  and  will  be  taken 
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as  a  live  panel  load.  The  exposed  area  of  the  floor  is 
432  square  feet;  that  of  the  bottom  chord,  192  sqaaie 
feet,  and  that  of  one-half  the  web  members,  274  square  feet; 
the  total  exposed  area  is,  then,  898  square  feet,  the  pressure 
on  which,  at  30  pounds  per  square  foot,  is  30  X  898  »  26,940 
pounds.  Since  the  bottom  chord  is  144  feet  long,  this  pres- 
26,940 


sure  corresponds  to 


144 


or  187,  pounds  per  linear  foot; 


and,  since  the  panels  are  18  feet  in  lens^th,  the  panel  load  is 
187  X  18  =  3,370  pounds.  The  total  panel  load,  including 
the  wind  pressure  on  the  train,  is,  therefore,  6,400  +  3,370 
=  8,770  pounds. 

The  alternative  wind  pressure  of  50  pounds  per  square 
foot  on  the  exposed  area  of  the  floor  plus  twice  the 
exposed  area  of  one  truss  will  now  be  considered.  The 
exposed  area  of  the  bottom  chord  is  192  square  feet;  one* 
half  that  of  the  web  members,  274  square  feet;  and  that  of 
the  floor,  432  square  feet.  Then,  the  total  wind  pressure 
on  the  lower  lateral  truss  is  50  X  [2(192  +  274) +432] 
=  68,200  pounds.     Since  the  bottom  chord  is  144  feet  long, 

this  pressure  corresponds  to  —r—-t  or  473.6,   pounds  per 

144 

linear  foot,  and,  since  the  panels  are  18  feet  in  length,  the 
a.         ^6,  c,  di  •«  <»?  gi »?  < 


Pio.  25 

panel  load  is  18  X  473.6  =  8,525  pounds.  Since  this  panel 
load  is  less  than  that  found  in  the  preceding  paragraph,  the 
latter  will  be  used,  as  it  will  cause  greater  stresses  in  the 
members  of  the  lateral  system. 

The  lower  lateral  truss  and  wind  panel  loads  are  shown  in 
Fig.  25.  There  are  seven  full  panel  loads  of  3,370  pounds 
each,  dead  wind  pressure,  and  seven  panel  loads  of  5,400 
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pounds  each,  live  wind  pressure.  In  finding  the  stresses  in 
the  members  of  the  lateral  truss,  the  live  panel  loads  are 
assumed  to  be  placed  so  as  to  cause  the  greatest  stresses  in 
the  members,  in  the  same  way  that  vertical  live  load  is  con- 


sidered in  finding  the  stresses  in  vertical  trusses.  The 
stresses  caused  in  the  members  of  the  bottom  lateral  truss 
by  the  combined  dead  and  live  wind  loads  are  shown  in 
Fig.  26.  The  half  panel  loads  at  a  and  of  have  not  been 
considered,  because  they  are 
transmitted  directly  to  the 
masonry  and  do  not  affect 
the  stresses. 

51.  Transverse  Frames. 

The  depth  of  portal  and 

transverse  frames  depends  on 

the  amount  of  room  above  the 

overhead  clearance  line.   The 

distance  between  the  center 

lines  of  the  chords  is  26  feet 

6  inches;  the  bottom  of  the 

bottom   chord  is  7}  inches 

below  the  center  line,  and  the 

top  of  the  cover-plate  of  the  top 

chord  is  about  6  inches  above 

the  center  line.    The  vertical 

distance  from  the  bottom  of 

the  bottom  chord  to  the  top  of  the  top  chord  is,  therefore,  27  feet 

7}  inches,  as  shown  in  Fig.  27.    Consulting  Fig.  10  (a),  it 

will  be  seen  that  the  base  of  the  rail  is  8  feet  9i  inches  above 


Pio.  27 
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P'20900 


the  bottom  of  the  bottom  chord.  The  overhead  clearance 
line  is  22  feet  above  the  base  of  the  rail  {B.S.,  Art.  18)  and 
25  feet  9i  inches  above  the  bottom  of  the  bottom  chord. 
This  leaves  27  feet  7|  inches  -  25  feet  9|  inches  =  1  foot 
lOs  inches  from  the  top  of  the  top  chord  to  the  overhead 
clearance  line.  This  will  be  taken  as  the  depth  of  the 
transverse  frame. 

Curved  brackets  will  be  placed  at  each  end  of  each  frame.     ] 
They  will  be  made  to  extend  out  as  far  as  the  clearance 

diagram  (B.  S.,  Art.  18) 
will  allow;  in  the  present 
case,  4  feet  6  inches  from 
the  center  of  the  truss. 
They  can  be  made  con- 
siderably deeper  than  this, 
but  it  is  customary  to 
make  the  depth  but  little 
greater  than  the  width.  In 
this  case,  they  will  be  made 
to  extend  5  feet  below  the 
bottom  of  the  frame.  The 
general  type  of  frame  and 
bracket  is  shown  in  Fig.  27. 

52.     Portal.— Fig.  28 

is   a   plan    of    the   portal, 
portal   brackets,   and  end 
posts.     The  same  general 
type  of  frame  and  bracket 
will   be  used    as    for  the 
transverse  frames,  except 
that,  as  the  portal  is  only  about  2  feet  deep,  a  plate-girder 
portal  will  be  used.     The  portal  brackets  will  extend  4.5  feet 
out  from  the  center  of  the  end  post;  the  other  dimensions 
shown  in  Fig.  28  are  found  from  the  corresponding  dimen- 
sions in  Fig.  27,  by  multiplying  the  latter  by  esc//'  (1.209). 
The  force  P  that  acts  at  the  top  of  the  portal  is  one-half 
the   total   wind   pressure   on   the    upper   chord,    or   20,900 


Fig.  28 
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pounds.  Making  use  of  the  formulas  given  in  Stresses  in 
Bridge  Trusses,  Part  5,  assuming  the  point  of  inflection  of 
the  end  post  to  be  half  way  between  the  bottom  of  the 
bracket  and  the  bottom  of  the  post,  the  stresses  are  found 
to  be  practically  as  follows: 
Direct  stress  in  end  posts, 

^  =  ^'^X^-^  =  27,200  ponnds 
b  16 

Bending  moment  on  end  posts, 

^(k'-d-d!)^  10,450 X  12.58 X  12  =  1,577,500  inch-pounds 

Shear  on  portal, 

PV  ^  20.900  X  20.84  ^  ^^  ^  ^^^^^^ 

b  16 

In   the   plate-girder  portal,   the  flanges  are  assumed   to 

resist  the  entire  bending  moment,  and  the  required  area  at 

M 
any  section  is  found  by  means  of  the  formula  A  =  — — ,  in 

s  hg 

which  M  is  the  moment  about  a  point  in  the  opposite 
flange  directly  opposite  the  section  under  consideration. 
The  formula  for  moments  about  points  in  the  top  flange  is 

2  b 

At  /%  j:  =  4.5,  and  at  /^,  x  =  11.5;  then, 

^    ^  jr.      20,900  X  20.84      20,900  X  20.84  X  4.5 

moment  at  /•  =  — — — 

2  16 

=  95,300  foot-pounds; 

_^„,  ,,  ^       20,900  X  20.84      20,900  X  20.84  X  11.5 

moment  at  r'  = — 

=  -  95,300  foot-pounds 

The   formula   for  moments   about  points  in  the  bottom 

flange  is 

w.      Ph'  ^  Pd      Ph'x 

^=-2"  +  ^ — T 

At  D,x  =  4.5,  and  at  Z?',  ;r  =  11.5;  then, 

moment  at  Z?  =  ^'^^^-^  +  ^mp^ 

_  20.900X20.84X4.5  ^  n8.500  foot-pounds; 
16 


1 
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moment  at  />-  =  «>.900x  20.84  ^  20.900  X  2.22 

_  20.900X20  84X11.6  ^  ^  72.IOO  foot-ponnds 
16 

The  value  of  kg  is  not  known,  bnt  may  be  assumed  as  t 
little  less  than  d\  in  this  case,  it  will  be  assumed  as  equal  to 
24  inches.  Since  the  above  moments  are  of  one  kind  when 
the  wind  blows  in  the  direction  sho¥m,  and  of  the  other 
kind  when  it  blows  in  the  opposite  direction,  the  stresses  in 
the  flanges  reverse,  and  in  finding  the  required  area  of 
flange,  the  greatest  moment  in  each  flange  must  be  increased 
by  .8  of  the  moment  at  the  other  point  in  the  same  flange 
(B.  S.,  Art.  34).  The  greatest  moment  in  the  lower 
flange  is  at  D.  Then,  the  required  area  of  the  upper  flange 
is    <"8-500+JX  72.100)12  ^  5  gj  .^^^^^     ^^ 

16,000  X  24 
moments  at  the  two  ends  of  the  upper  flange  are  the  same. 
Then,  the  required  area  of  the  lower  flange  is 

lAA^m.^  =  5.36  square  inches 
16,000  X  24 

There  is  also  a  direct  stress  caused  in  the  bottom  chords 

of  the   trusses  by  the  direct  stress  in  the  end  post;   it  is 

P  h' 
found  by  multiplying  — —   by   cos  H,  which    gives  27,200 

0 

X  .5619  =  15,300  pounds,  compression  on  the  windward,  and 
tension  on  the  leeward,  side;  only  the  latter  stress  need  be 
considered,  since  the  former  simply  decreases  the  tension  in 
the  bottom  chord.  

DESIGN  OF  MEMBERS 

53.  Upper  Lateral  Truss. — Comparing  the  wind 
stresses  in  the  top  chord  members  as  given  in  Fig.  24  with 
the  combined  dead-  and  live-load  stresses  as  given  in  Fig.  14, 
it  is  seen  that  the  former  are  in  no  case  as  great  as  25  per 
cent,  of  the  latter,  so  that  they  need  not  be  considered. 

For  the  diagonals,  it  is  well  first  to  find  the  allowable 
stress  in  the  smallest  member  that  can  be  used.  In  B.  5., 
Art.  86,  it  is  specified  that  no  member  of  a  lateral  truss 
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shall  be  less  than  3i  in.  X  Bi  in.  X  t  in.  Allowing  for  one 
i-inch  rivet  hole,  the  net  area  of  one  anc^le  of  these  dimensions 
is  found  to  be  2.48  —  .38  =  2.10  square  inches.  Since  the 
workinc:  stress  in  tension  is  16,000  pounds  per  square  inch, 
the  allowable  stress  in  one  angle  is  2.1  x  16,000  =  33,600 
Pounds.  As  this  is  greater  than  the  stress  in  any  diagonal 
of  the  tipper  lateral  truss,  one  3^^'  X  3i''  X  f  angle  will  be 
Used  for  each  member. 

The  transverse  strut  will  be  made  as  shown  in  Fig.  29, 
Which  is  a  customary  form.  Each  flange  will  be  composed 
of  two  3i"  X  3i"  X  f^  angles  connected  by  double  latticing 
of  y^  X  i^'  bars.    In  the  present  case,  as  the  greatest  stress 


(    ) 
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in  a  transverse  stmt  is  17,400  pounds  (member  CCi  Fig.  24), 
these  angles  are  sufficiently  large. 


54.  liower  lAterml  Trnss. — In  the  design  of  the  upper 
lateral  truss,  it  was  found  that  the  allowable  stress  in  one 
31"  X  3i"  X  i"  angle  is  33,600  pounds.  As  this  is  greater 
than  the  stresses  in  the  diagonals  in  the  panels  r^and  de. 
Fig.  26,  one  81"  X  31"  X  f '  angle  will  be  used  for  each  of 
the  diagonals  in  these  panels. 

In  the  panel  ic^  the  required  net  area  of  each  diagonal  is 

fji™  «  2.18  square  inches.    One   3f '  X  31'^  X  tV'  angle 
16,000 

will  be  used  (net  area  s=  2.87  —  .44  =  2.43  square  inches). 

In  the  panel  ad^  the  required  net  area  of  each  diagonal  is 

Jl^  =  2.89  square  inches.    One  31"  X  3l''  X  tV'  angle 
16,000 

will  be  used  (net  area  »  8.62  —  .66  s  8.06  square  inches). 


i6       DESIGN  OF  A  RAILROAD  TRUSS  BRIDGE  §79 

The  wind  stresses  in  the  lower  chord  members  are  less 
than  25  per  cent,  of  the  combined  dead-  and  live-load  stresses, 
and  so  need  not  be  considered. 

53.  Portal. — The  shear  on  the  portal  was  found  in 
Art.  52  to  be  27,200  pounds.  This  is  treated  in  exactly  the 
same  way  as  the  shear  on  any  other  plate  girder.  A  web 
i  inch  thick  will  be  used;  the  depth  2.22  feet  will,  for 
convenience,  be  called  26  inches.     Then,  the  intensity  of 

shearing  stress  is  -^ — ^  =  2,790  pounds  per  square  inch. 

Consulting  Table  XXXVI,  it  is  seen  that  the  allowable 
unsupported  distance  is  37  inches;  so  that  no  stiffeners  are 
required. 

The  required  net  area  of  the  top  flange  is  5.51  square 
inches,  and  that  of  the  lower  flange  is  5.36  square  inches 
(Art.  52).  It  is  customary  to  make  the  section  of  the  top 
and  bottom  flanges  the  same.  Two  5''  X  3"  X  tV'  angles  will 
be  used  for  each  [net  area  =  2(3.31  —  .44)  =  5.74  square 
inches] . 

The  required  pitch  of  flange  rivets,  computed  by  the 
formula  used  in  Art.  13,  comes  out  greater  than  6  inches, 
so  that  a  pitch  of  6  inches  will  be  used  {B.  5".,  Art.  41). 

56,  Design  of  End  Post. — The  combined  dead-  and 
live-load  stress  in  the  end  post  is  shown  in  Fig.  14  to  be 
527,800  pounds.  The  direct  stress  due  to  the  wind  is 
27,200  pounds;  the  total  stress  is,  therefore, 

527,800  -f  27,200  =  555,000  pounds 

In  addition,  there  is  a  bending  moment  due  to  the  wind 

equal  to  1,577,500  inch-pounds  (Art.  52).     The  following 

section  will  be  used: 

Gross  Area, 
IN  Square  Inchbs 

1  cover-plate  22  in.  X  f  in.  1  3.75 

2  top  flange  angles  3i  in.  X  3i  in.  X  f  in.  7.96 
2  web-plates  15  in.  X  i  in.  1  5.00 
2  side  plates  8  in.  X  f  in.  1 0.00 
2  bottom  flange  angles  3J  in.  X  H  in.  X  f  in.  7.96 

Total  gross  area  =  54.67 
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b-pUte  15  in.  X  -h  in.,  L^§^-^^^  =  17.9,  say  18.  rivets 

5,410 

l£_plate  14  in,  X  i  in.,  ^*^?^,!^^'*°  =  19.1.  say  20,  rivets 
K  5,410 

Sm  plate  31  in.  X 1113^.—^^^^  ^    ^^^»  ^^f  4»  ^^^^^^ 

5j410 

le  splice  is  shown  in  Fig.  31,  in  which  (a)  is  the  top  view. 


\U*^>-*      ♦      •     i    O     O     Q     O 
^.,*j-     #      •      •!0     Q     O     O 
*=>^^#      •      •     !     O     O     O     O 
^   ^    •      #      •|Q     O     O     O     O 


^^^^'"•^^'i^^^i^^^W'W^" 


ra> 


o  o  or 


^j^fejj^Al 


^ 


f^} 


^ 


//^i^/^  /^>f 


^lafff€c6&fs) 


%^^s  /S'/Ij 


•    H< 


Ffo.  31 


he  elevation,  and  U)  the  section  and  bottom  view.  The 
tct  aumber  of  rivets  is  shown  in  each  splice  plat^;  it  is 
»CEiar3f  to  space  the  nvets  in  splices  from  2  to  S  inches 
rhen  stag^g^ered,  as  shown;  in  the  fig^nre,  the  pitch  ii 
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about  2i  inches      The  latticins:  is  continued  ric^ht  alons  t^^ 
the  splice,  in  the  same  way  as  for  the  rest  of  the  member. 

58.  Splice  in  Bottom  Chord. — The  bottom  chord  wiT  J 
be  spliced  in  panel  cd  (Fig.  14)  just  to  the  left  of  d.  Th»  m 
method  of  splicing:  is  precisely  the  same  as  for  the  top  chor^^ 
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(e) 

Pio.  82 

except  that  in  this  case  net  area  must  be  considered  instead 

of  gross  area.     The  following  splice  plates  will  be  used: 

Net  Arsa, 
IN  Squarb  Inchss 

4  plates  4  in.  X  A  in.,              4(2.25  -  .56)          =  6.7  6 

2  inside  plates  15  in.  X  A  in.,  2(8.44  -  3  X  .56)  =  1  3.62 

2  outside  plates  14  in.  X  i in.,  2(7  -  3  X  .50)        =  1  l.OO 

Total  area  =  3  1.2  8 
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The  number  of  rivets  required  to  connect  each  of  the  splice 
plates  on  each  side  of  the  joint  is  as  follows: 

1  plate  4  in.  X  A  in.,  ^'^^J^.f^^^  =  5.0  rivets 

5,410 

1  plate  15  in.  X  A  in..  6-76  X  16.000  ^  ^  ^.j^^^^ 

5,410 

1  plate  14  in.  X  i  in.,  5-5x16.000  ^  jg  3  ^..^^^^ 

5,410 
The  splice  is  shown  in  Fig.  32,  in  which  {a)  is  the  top 
view,  (b)  the  elevation,  and  (c)  a  section  and  bottom  view. 
The  required  number  of  rivets  is  shown  in  each  splice  plate. 


TRUSS  JOINTS 

69.    The  c^eneral  method  of  connecting:  the  members  of 
'^V'eted  trusses  to  each  other  by  means  of  connection  plates 
^r  gassets  has  been  explained  in  Bridge  Members  and  Details, 
**he  connection  of  the  members  to  each  other  at  the  differ- 
^^t  joints  of  the  truss  under  consideration  will  now  be  dis- 
^^ssed.    The  rivets  that  connect  the  members  to  the  gussets 
^re  i  inch  in  diameter,  and  are  part  shop  driven  and  part  field 
driven.    The  value  of  each  rivet  in  single  shear  is  the  small- 
est and  the  only  one  that  need  be  considered.    As  most  of 
^e  rivets  are  field  driven,  the  value  for  field-driven  rivets, 
which  is  5,410  pounds,  will  be  used,  and  the  number  of  rivets 
required  to  transmit  the  stress  to  and  from  each  member  will 
be  first  calculated.    These  numbers  are  as  follows: 
Mbicbbr  Number  of  Rh^bts 

B  C  ^^^  =  92,  or  46  on  each  side 

5,410 

aB  ^^  =  ^^»  ^^  ^9  ^^  ^^^^  s^^® 

Be  ^T^  "  ^^'  ^^  ^^  ^"  ®^^^  ^^^® 

Cd  ^\*?y  =  52.  or  26  on  each  side 

5,410 

Di  ^!^'?y  =  33,  or  17  on  each  side 

6,410 
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MsifBBK  Ndxbbk  of  Rivkts 

5,41U 

«*  ^l^f?x^  =  55.  or  28  on  each  side 

5,410 

-**  162^  ^  3Q  ^j.  j5  ^jj  ^^^  g.^^ 

5,410 

^^  239^  ^  45  ^^j.  23  j,„  gjjgi,  gj3^ 

5,410 

Dd  ^l\^m   "  ^'  ^^  ^^  ^°  ^*^  '^^® 

iE*^  '^^    =  14,  or  7  on  each  side 

As  cD  was  made  lars^er  than  necessary,  to  conform  to  the 
rule  that  no  counter  shall  have  an  area  less  than  3  square 
inches,  the  number  of  rivets  will  be  found  for  the  stress  that 
the  section  chosen  can  transmit  at  16,000  pounds  per  square 
inch.     Since  the  net  area  of  ^  Z>  is  8.47  square  inches  (Art 
42),  the  required  number  of  rivets  is 
3.47  X  16,000 


5,410 


=  10.3,  or,  say,  6  on  each  side 


60.     Joint  7^.— Fig.  -33  shows  joint  B:  (a)  is  the  eleva- 
tion of  the  joint,  and  shows  one  of  the  g-ussets  e  that  arc 
riveted  to  the  inside  of  the  top  chord  and  end  post,  and  to 
the  ends  of  the  members  aB,  Bd,  Be,  and  ^Cthat  meet  at 
the  joint;  (d)  is  the  elevation  of  the  end  of  the  portal^ and 
portal  bracket  /i  where  they  connect  to  the  end  post;  (c)  is 
the  top  view  of  the  end  of  the  top  angles  of  the  portal,  and 
shows  the  bent  plate  /  that  connects  the  angles  to  the  top 
chord  of  the  truss;   id)  is  the  plan  of  the  top  chord,  and 
shows  in  section  at  the  lower  right-hand  side  a  portion  of 
the  bottom  flange  of  the  top  chord.     The  lines  aB,  Bb,  Be, 
and  B  C  are  the  center  lines  of  the  different  members,  and 
meet  at  the  point  /?;  the  end  post  and  top  chord  are  cut  off 
on  the  line  //  that  bisects  the  angle  between  them. 

In  drawing:  a  riveted  joint,  the  center  lines  of  the  members 
are  first  drawn,  and  then  the  lines  that  represent  the  members 
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themselves   are  drawn  parallel   to  the  center  lines.    The 

esmgt  lines  of  the  rivets  are  next  drawn,  and  the  rivets  are 

spaced  on  these  lines  according:  to  the  rules  for  rivet  spacins:. 

In  locating  the  gauge  lines  of  ang^les,  the  distances  to  be  used 

are  the  standard  distances  g^iven  in  Table  XII;  in  locating 

Srauge  lines  on  plates,  two  lines  are  first  drawn  parallel  to 

the   edges   of  the  plate  and   li  or  H  inches    from  them, 

as  y^y  in  the  end  post.     If  they  are  more  than  about  4i  inches 

spart,  one  or  more  lines  from  2i  to  4  inches  apart  are  drawn 

between  them,  as  in  the  case  of  the  top  chord.     The  rivets 

are  located  on  these  lines  and  staggered  in  such  manner  that 

they  will  be  not  nearer  to  each  other  than  3  inches;  they  are 

in   general  spaced  closer  in  compression  members  than  in 

tension  members. 

The  pitch  of  rivets  in  the  end  post.  Fig.  33  (a),  is  about 
^i    inches;   in  the  top  chord,  2}  inches;   and  in  the  main 
diagonal,  about  2i  inches.     When  convenient,  lug  angles  / 
^re  riveted  to  the  outstanding  legs  of  the  angles  of  the 
^ain  members,  so  as  to  spread  or  distribute  the  stress  over 
^  greater  width  of  gusset.     Plates  i  inch  thick  will  be  used 
^^r  the  gussets  e,  as  they  are  found  to  furnish  suflScient 
^^ction.     One-half  of  ^r  is  placed  outside  of  the  gusset  on 
^^ch  side;  the  two  halves  are  connected  below  the  gusset  by 
tie-plates  m  and  lattice  bars.     The  two  channels  that  com- 
J^se  the  vertical  Bi  are  inserted  between  the  gussets  and 
^^tinected  to  each  other  below  them  by  tie-plates  n  and 
*^tticing.      There  arc  more   rivets   than  necessary  in  this 
Member,  on  account  of  the  fact  that  the  rivets  in  the  end 
^H>st  and  main  diagonal  control  the  size  of  the  gusset,  and 
^e  rivets  in  the  vertical  are  spaced  about  3i  inches  apart  to 
^old  the  gussets  and  channels  together  more  tightly.     The 
^vets  in  the  upper  end  of  the  vertical  are  also  counted  with 
tbe  end  post  and  top  chord.     Some  designers  prefer  not  to 
count  a  rivet  twice;  but  when,  as  in  this  case,  the  members 
are  on  opposite  sides  of  the  gusset,  there  is  no  reason  why 
they  should  not  be  counted;  in  such  a  case,  however,  allow- 
ance should  be  made  by  providing  more  rivets  than  are 
required  by  the  computation. 

13A— 21 
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In  order  to  save  extra  work  in  handling  and 
Sfnssets  are  nsnally  riveted  in  the  shop  to  one  of  t 
In  Piff.  88,  they  are  shown  riveted  to  the  top  d 
accK>unt  less  rivets  are  required,  since  the  vali 
driven  rivet  is  sweater  than  that  of  a  field-drives 

61.  The  cross-section  of  the  portal  is  si 
Pifi:.  88  (a).  The  lowest  point  p  of  the  lower 
portal  is  made  level  with  the  bottom  of  the  tran 
of  the  intermediate  panel  points.  The  top  flanf 
placed  hififh  enough  to  continue  right  across  tt 
as  shown  at  q^  and  are  coxmected  to  it  by  mean 
plates  i  and  r.  The  web  of  the  portal  is  s; 
Fig.  33  (6),  and  the  portion  toward  the  truss 
down  to  form  the  web  of  the  bracket.  This  p< 
nected  to  the  end  post  by  means  of  the  connect 
which  are  usually  8iin.  X  3f  in.  X  i  in.  The  ri 
connection  angles  are  spaced  about  6  inches  api 
the  upper  end,  where  those  which  also  transn 
from  the  gusset  to  the  end  post  are  spaced  3  in< 

The  diagonal  in  the  end  panel  of  the  top  la 
connected  to  the  bent  plate  t,  as  shown  at  »  in 
a  lug  angle  being  riveted  to  the  main  angle. 

62.  Joint  C. — Fig.  34  shows  the  connectic 
(a)  is  the  elevation  of  the  joint,  showing  one  of 
and  portions  of  the  members  B  C,  CD,  Cc,  and  Cd; 
a  cross-section  hh  oi  the  strut  and  the  connectio 
to  the  vertical;  {b)  is  an  elevation  of  an  interm 
strut  and  bracket;  {c)  is  a  top  view  of  the  tO] 
shows  the  connection  of  the  diagonals  /,  ioi  the 
truss  to  the  chord  by  means  of  the  plate  /.  At  t 
vertical,  which  lies  between  the  gussets,  a  diaph 
eted  between  the  channels,  in  order  to  distribt 
between  the  sides  of  the  truss.  The  same  r 
regard  to  spacing  of  rivets,  etc.  apply  here  as  i 
joint  B.  There  is  a  small  excess  of  rivets  in 
but  this  is  a  frequent  occurrence,  and  is  done  to  \ 
cing  in  the  gussets.     In  the  remaining  top  choi 
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cross-strut  and  bracket  connection  will  not  be  shown,  but  the 
holes  for  the  connection  of  the  strut  to  the  vertical  will  be 


■^-M 
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shown.  In  Fig:.  34  (f),  a  short  portion  of  the  top  chord  at 
the  lower  ris^ht-hand  side  is  g:iven  in  section,  so  as  to  show 
the  tie-plate  j  and  part  of  the  lattice  bar  k. 
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63.    Joints  D  and  E. — Pigs.  35  and  36  represent  the 
ioints  at  D  and  E^  respectively.    The  connection   of  the 
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laterals  and  of  the  transverse  frame  and  bracket  is  the  same 
here  as  at  joint  C,  In  Yig.  35,  the  counter  cD  zt  the  left  is 
placed  inside  the  s^ussets,  so  as  to  clear  the  main  diac:onal  Cd 
where  they  cross  each  other  at  the  center  of  the  panel.  For 
the  same  reason,  counter  dE,  Fig.  36,  is  placed  inside  the 
S:usset  so  it  will  not  interfere  with  the  main  diac^onal  D  e.  The 
counters  consist  of  two  angles  each,  one  on  each  side,  and  it  is 
customary  to  place  the  angles  so  that  the  center  of  gravity 
shall  coincide  with  the  center  line  of  the  member.  This  is 
frequently  done  in  the  case  of  laterals  that  consist  of  single 
angles;  but  in  the  latter  case  it  is  customary  to  connect  them 
as  shown  in  Fig.  34  (r),  making  the  back  of  the  angle  coincide 
with  the  center  line.  Diaphragms  are  placed  inside  the  ver- 
ticals Z^^  and  Ee  at  the  ends,  and  the  same  spacing  of  rivets 
is  used  as  for  Cc,  so  that  the  connection  of  the  transverse 
struts  will  all  be  the  same. 

64.  Joint  a. — Fig.  37  represents  the  joint  a.  In  this 
figure,  (a)  is  the  elevation,  and  shows  one  of  the  gussets  h 
that  connect  the  end  post  and  the  bottom  chord,  both  these 
members  being  placed  outside  the  gussets.  The  center  lines 
and  gauge  lines  are  first  laid  off,  and  then  the  rivets  are 
spaced-along  these  lines.  Those  in  the  end  post  are  spaced 
about  21  inches  apart  and  staggered  as  shown,  until  a  suffi- 
cient number  of  rivets  is  obtained,  when  the  gusset  is  cut  off 
square  with  the  end  post,  as  shown  at  c.  The  right-hand 
edge  of  the  gusset  is  then  carried  vertically  downwards  into 
the  bottom  chord,  as  shown  at  d,  and  rivets  are  spaced  about 
3  inches  apart  from  d  to  the  end  of  this  member.  It  is  sel- 
dom necessary  to  count  the  numbers  of  rivets  in  the  bottom 
chord  connection,  for  the  above  spacing  invariably  gives 
sufficient  rivets.  Stiffeners  e  are  placed  both  outside  and 
inside  of  the  connection  over  the  pedestal  to  transmit  the 
load  to  the  bearing.  The  stiffener /,  together  with  ^,  serves 
for  the  connection  of  the  end  frame,  as  shown  at  (</).  The 
other  end  of  this  frame  connects  to  the  end  stringer.  At 
the  center  of  the  shoe,  a  diaphragm^,  shown  at  (a)  and  (r), 
consisting  of  a  web  and  four  angles,  is  riveted  to  the  inside 
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f  the  gussets.  A  sole  plate  h  about  1  inch  in  thick- 
^ss  is  riveted  to  the  outstanding:  les:s  of  the  bottom  flans^e 

cries. 

Practice  differs  considerably  as  to  the  method  of  finding  the 
<i  of  the  bottom  chord  and  the  gusset.  The  length  of  truss 
yond  the  point  a  depends  on  the  required  size  of  shoe,  the 
ttom  chord  being  carried  out  to  the  end  of  the  shoe  and 
t^  off  square,  as  shown  at  i.  Some  designers  continue  the 
v-er-plate  of  the  end  post  straight  down  to  its  intersection 
tlx  the  top  flange  of  the  bottom  chord,  and  continue  the 
^e  of  the  gusset  along  that  line,  as  shown  by  the  dotted 
^  jj.    The  load,  however,  is  distributed  over  the  bearing 
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luch  more  evenly  if  the  gusset  is  carried  up  to  the  top  of 
le  bottom  chord  at  its  end  and  then  straight  up  on  the 
ne  k  k'  to  the  top  of  the  gusset.  This  makes  it  necessary 
)  splice  the  top  cover-plate  of  the  end  post  at  k^;  a  plate  of  the 
ime  thickness  as  the  cover-plate  is  fastened  to  the  edge  of 
le  gusset  by  means  of  the  angles  /  and  /^  and  is  spliced  to 
le  cover*plate  by  means  of  the  bent  splice  plate  m.  The 
ght-hand  edge  of  the  gusset  is  stiffened  by  3'^  X  3^'  X  i'' 
Qgles,  as  shown  at  ». 
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Fig.  37  (^)  is  a  plan  of  the  end  post;  the  upper  left-band 
half  is  a  top  view  of  the  cover-plate,  and  the  lower  right-hand 
half  is  a  section  through  the  gusset,  and  a  plan  of  the  bottom 
flange  of  the  end  post*  The  pedestal  and  rollers  will  be 
discussed  later. 

65.  Joint  6* — Fig.  38  shows  joint  b.  No  stress  is  trans- 
mitted from  one  member  to  another  at  this  joint,  except  the 
load  from  the  doorbeam  to  the  vertical,  so  that  no  gusset  is 
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required  to  connect  the  vertical  and  the  chord*  It  is  cus* 
tomary,  however,  to  provide  a  small  gusset^,  a  little  wider 
on  each  side  than  the  vertical,  in  order  to  fill  tip  the  space 
between  the  vertical  and  the  chord,  and  to  make  the  joint  a 
little  stiffen  The  plate  ^  is  for  the  purpose  of  filling  up  the 
space  between  the  flange  angles  of  the  bottom  chord* 

66.    Joints  c,  (f,  and  e- — Figs.  39, 40,  and  41  show,  respect- 
ively, Joints  r,  d,  and  e.     These  joints  are  somewhat  simpler 
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than  joint  a,  but  the  same  general  rules  are  observed  in 
layinc:  them  out.  The  only  point  in  connection  widi  these 
joints  that  requires  special  attention  is  the  connection  of  the 
verticals  to  the  gussets.  It  should  be  remembered  that  the 
rivets  in  the  two  rows  a,  a  near  the  center  of  the  vertical  trans- 
mit the  load  from  the  floorbeam  to  the  truss,  and  should  not 
be  counted  as  transmitting  any  stress  from  the  vertical  to 
the  gusset;  there  should  be  su£Scient  rivets  in  the  lines  t.J 
outside  of  these  two  lines  to  transmit  this  stress.  When,  as 
in  the  case  of  Cc,  Fig.  39,  the  channel  is  15  inches  in  width, 
additional  rows  can  be  driven  through  the  web  of  the  channel 
on  each  side  of  the  floorbeam  connection  angles.  When,  as 
in  the  case  of  Dd,  Fig.  40,  and  Ee,  Fig.  41,  the  channel  is 
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not  wide  enough  to  allow  extra  rows  to  be  driven,  lug  angles  / 
are  riveted  to  the  flanges  of  the  channels,  and  the  required 
number  of  rivets  is  driven  in  the  legs  of  these  lug  angles 
that  are  in  contact  with  the  gussets. 


67.  Bottom  Ijateral  Connection. — Fig.  42  shows  a 
connection  of  the  lower  laterals  a,  a  to  the  lateral  connection 
plate  k  shown  in  Fig.  10,  and  the  connection  of  the  latter  to 
the  truss.  The  vertical  d  b  and  the  diaphragm  c  are  shown 
in  cross-section,  as  well  as  the  sides  d,  d  of  the  bottom 
chord,  and  the  gussets  e,  e.  The  figure  also  shows  the  tie- 
plate  //  and  lattice  bars  on  the  bottom  of  the  bottom  chord. 
The   connections  at  the  joints  a,  ^,^,  and  d^  Fig.  25,  are 
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similar  to  this  connection,  except  that,  where  necessary, 
more  rivets  are  driven  and  the  lateral  plate  is  made  some- 
what larc:er.  The  rivets  in  the  lateral  and  lug  ang^les  are 
i  inch  in  diameter.  Both  dias:onals  in  each  panel  are  placed 
on  top  of  the  connection  plate,  in  order  that  they  may  be  in 
better  position  to  connect  to 
the  strinc:er8  where  they  inter- 
sect them. 

The  method  of  crossins:  the 
laterals  at  the  center  of  the  panel 
is  shown  in  Fis:.  43:  one  diag:- 
onal  a  continues  unbroken,  and 
the  other  bb  leads  up  to  it  on 
each  side,  and  is  spliced  by  a 
plate  cct  which  is  also  riveted 
to  the  ans^le  a. 

The  connection  to  the  bottom  flange  of  the  stringer  is 
shown  in  Fig.  44:  the  lug  angle  k  connects  the  lateral 
angle  /  vrith  the  bottom  flange  of  the  stringer  m. 
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BEARINGS 

68.     Required   Area. 

•  The  required  area  of  bear- 
ing for  each  end  of  each 
1  truss  is  found  by  dividing 
the  reaction  by  the  allow- 
able or  working  pressure 
on  the  masonry.  As  there 
is  no  end  floorbeam,  the 
reaction  is  equal  to  the 
vertical  component  of  the  stress  in  the  end  post,  that  is,  436,600 
pounds  (Art.  87).  The  allowable  pressure  on  the  masonry 
is  given  in  B.  S.,  Art.  29,  as  500  pounds  per  square  inch. 

40£t  ftfifi 

Then,  the  required  area  is  —  *         =  873  square  inches.    If 

600 

tli6  bed^plate  is  square,  it  must  be  about  30  inches  on  each 

side.     The  actual  dimensions  depend  on  other  details. 


Pio.  44 
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69.  Pedestal. — Cast-steel  pedestals,  as  shown  in  Fig. 
37  (a),  are  well  adapted  to  riveted  trusses.  The  top  half  is 
made  30  inches  long:  and  a  little  wider  than  the  bottom  chord; 
in  this  case,  it  will  be  made  22  inches  wide.  It  is  bolted  to 
the  outstanding:  legs  of  the  lower  tiange  angle  by  means  of 
1-inch  bolts  p. 

The  height  of  the  pedestal  depends  on  the  allowable  dis- 
tance from  the  base  of  the  rail  to  the  top  of  the  bridge  seat;  it 
is  desirable  to  keep  the  top  of  the  bridge  seat  above  high  water. 
When,  as  in  the  present  case,  high  water  is  considerably 
below  the  base  of  the  rail  (17  feet.  Art.  1),  the  total  height  r 
of  the  pedestal  should  be  made  about  the  same  as  its  length, 
and  the  pin  a'  placed  half  way  between  the  top  and  the  bot- 
tom. For  a  truss  of  this  length,  a  pin  6  inches  in  diameter 
is  used. 

In  Fig.  37  (a),  the  part  ^  of  the  pedestal  in  contact  with 
the  sole  plate  A,  and  the  corresponding  part  ^  of  the  lower 
half  are  made  2  inches  thick;  the  part  c'  in  contact  with  the 
pin  is  also  made  2  inches  thick.  The  two  bearing  surfaces 
of  each  half  of  the  pedestal  are  connected  by  a  vertical  web  g, 

3  inches  thick,  along  the  axis  of  the  pin  from  one  side  of 
the  pedestal  to  the  other,  and  by  webs  j,  If  inches  thick  and 

4  to  6  inches  apart.  Projections  /,  Fig.  37  (^),  are  cast  on 
the  inside  of  the  circular  part  of  the  pedestals;  they  fit  into 
circular  grooves  of  the  same  size  planed  out  of  the  pin,  and 
are  for  the  purpose  of  holding  the  pin  in  place  and  also  pre- 
venting halves  of  the  pedestal  from  moving  sidewise.  At 
one  end  of  the  bridge  the  bottom  of  the  pedestal  is  planed 
smooth,  and  a  steel  plate  2  inch  thick  is  placed  between  it 
and  the  masonry.  It  is  then  anchored  to  the  masonry  by 
bolts.  Fig.  37  (e)  is  a  top  view  of  the  lower  half  of  the 
pedestal. 

At  the  expansion  end  of  the  bridge,  rollers  are  placed  under 
the  pedestal,  as  shown  at  «,  Fig.  37  (a),  in  order  to  allow 
that  end  to  move  back  and  forth  as  the  temperature  changes. 

70.  Rollers. — The  allowable  pressure  per  linear  inch 
on  rollers  is  given  in  B.  5.,  Art.  29,  as  600  Z?.     Rollers  are 
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usually  made  from  3  to  6  inches  in  diameter,  and  about 
i  inch  is  left  between  each  two  rollers.  In  the  present  case, 
the  diameter  of  the  roller  will  be  made  4f  inches;  6  rolle5 
can  be  placed  under  the  pedestal,  which  is  30  inches  Iod;. 
The  allowable  pressure  on  the  rollers  is  600  X  4.75  =  2,850 
pounds  per  linear  inch;    therefore,  the  number  of  inches 

required   is        ^^  =  153.    As    there    are   6  rollers,  the 
2,ooO 

1  ^^ 
length  of  each  must  be  -—  =  25t  inches.    They  are  fastened 

6 

tos^ether  so  as  to  form  a  roller  nest,  in  the  manner  shown  in 

Fig.  37  (/).  

BRIDGE-SEAT  PUkN 

71.  Bridge  Seat  for  Trusses. — Pig.  45  is  a  bridge- 
seat  plan  of  the  bridge  that  has  just  been  designed.  The 
distance  between  the  centers  of  the  pedestals  or  bedplates  a,  a 
is  shown  equal  to  the  span,  in  this  case  144  feet.  The  front 
of  each  pedestal  is  placed  1  foot  from  the  neat  line  of  the 
abutment,  which  makes  the  neat  line  2  feet  3  inches  from 
the  center  of  the  pedestal  at  each  end,  or  144  feet  —  2  feet 
3  inches  —  2  feet  3  inches  =  139  feet  6  inches,  between  neat 
lines. 

The  face  of  the  parapet  is  placed  6  inches  from  the  back 
edf^e  of  the  pedestal,  and  1  foot  9  inches  from  the  center  of 
the  pedestal;  this  makes  the  bridge  seat  for  the  truss  4  feet 
wide  from  neat  line  to  parapet.  It  is  customary  to  make 
the  bridge-seat  stone  2  feet  thick  for  a  span  of  this  length, 
and  to  hav^e  it  project  abotit  6  inches  beyond  the  neat  line. 

The  distance  from  the  base  of  the  rail  to  the  top  of  the 
bridge  seat  is  found  by  adding  together  the  vertical  dis- 
tances occupied  by  rollers,  pedestals,  stringers,  etc.  For 
the  fixed  end  shown  at  the  right,  these  distances  are  as 
follows: 

3  feet  9|  inches,  distance  from  the  base  of  the  rail  to  the 
bottom  of  the  bottom  chord.  Fig.  10; 

1  inch,  thickness  of  the  sole  plate  on  top  of  the  pedestal 
Fig.  37  (^); 
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2  feet  6  inches,  heis:ht  of  pedestal; 

i  inch,  thickness  of  bedplate  under  pedestal; 

6  feet  5i  inches,  total  distance  from  the  base  of  the  rail  to 
the  top  of  the  brids:e  seat. 

At  the  expansion  end,  all  the  vertical  distances  are  the 
same  as  for  the  fixed  end,  except  that  the  rollers  and  bed- 
Plates  occupy  6}  inches,  or  6i  inches  more  than  the  i-inch 
bedplate  under  the  pedestal  at  the  fixed  end.  This  makes 
the  distance  from  the  base  of  the  rail  to  the  top  of  the  bridg^e 
seat  at  the  expansion  end  6  feet  —  5i  inches  +  6i  inches 
^^^  6  feet  Hi  inches,  as  shown  at  the  left  end. 

72.  Brldfi^e  Seats  for  Stringrers. — As  explained  in 
Art.  30,  the  bedplates  under  the  stringers  are  made 
^  inches  square.  It  is  customary  to  place  them  so  that 
^eir  centers  are  directly  opposite  the  centers  of  the  truss 
shoes.  A  separate  brids^e  seat  and  parapet  are  built  up  on 
top  of  the  truss  seat  to  accommodate  the  stringers.  The 
Parapet  is  usually  placed  about  4  inches  from  the  end  of  the 
stringer,  and  the  neat  line  6  inches  ahead  of  the  front  end  of 
the  bedplate,  making  the  stringer  bridge  seat  2  feet  6  inches 
^ide  from  face  of  parapet  to  neat  line;  the  latter  is  11  inches 
*^om  the  neat  line  of  the  main  abutment. 

The  distances  from  base  of  rail  to  top  of  stringer  bridge 
Seat  are  made  up  as  follows: 

7t  inches  from  base  of  rail  to  top  of  stringer; 

2  feet  6i  inches,  depth  of  stringer  over  flange  angles; 

2  inches,  thickness  of  sole  plates  and  bedplates; 

3  feet  3f  inches,  total  distance  from  base  of  rail  to  top  of 
stringer  bridge. 
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INTRODUCTION 


USES  AND  TYPES  OF  WOODEN  BRIDGES 

1.  DisadTantag^es  of  Wood  for  Bridgre  Construc- 
tion.— ^^For  permanent  bridge  work  of  much  importance,  wood 
has  gone  out  of  use.  The  principal  reasons  for  this  are  the 
necessity  of  frequent  renewal,  the  increased  cost  of  timber 
and  decreased  cost  of  steel,  and  the  difficulty  and  delay  in 
securing  the  proper  quality,  sizes,  and  lengths  of  timber. 
In  addition  to  this,  the  danger  from  fire  has  played  an 
important  part  in  the  substitution  of  steel  for  wood  in  bridge 
building. 

2.  Conditions  to  Which  Wooden  Trusses  Are  Best 
Adapted. — Notwithstanding  the  above-mentioned  disad- 
vantages, there  are  several  conditions  under  which  the  use 
of  timber  is  very  desirable.  Notable  among  these  are  the 
circumstances  that  render  advisable  the  use  of  pile  and 
frame  trestles,  a  trestle  being  practically  a  wooden  bridge. 
The  subject  of  trestles  is  fully  treated  in  another  Section  of 
this  Course,  and  need  not  be  further  considered.  Perhaps 
the  main  advantage  of  a  wooden  over  a  steel  bridge  is  its 
comparatively  low  first  cost.  The  percentage  of  saving  in 
first  cost  is  greater  in  short  than  in  long  spans,  and,  of 
course,  depends  on  the  relative  prices  of  wood  and  steel, 
these  prices  being  to  a  great  extent  governed  by  the  facili- 
ties for  proctiring  the  two  materials.     The  difference  in  the 
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percentage  of  saving  between  short  and  long  spans  is  due 
principally  to  the  increased  cost  of  the  large-sized  timbers 
required  in  long  spans. 

3.  Wooden  trusses  are  also  used  for  work  of  a  temporary 
character,  such  as  a  temporary  road  around  a  site  on  which 
a  permanent  steel  structure  is  being  erected,  or  the  false 
work  necessary  for  the  support  of  traffic,  workmen,  and 
materials  during  the  erection  of  a  metal  bridge.  They  are 
also  frequently  used  in  irrigation  work  to  carry  flumes  and 
conduits  across  openings.  In  places  where  timber  is  easily 
accessible,  it  has  been  found  economical  in  many  cases  for 
highway  and  railroad  bridges  having  spans  from  100  to 
250  feet. 

4.  Combination  Bridgres. — Bridges  are  occasionally 
constructed  entirely  of  wood,  except  the  bolts  used  to  con- 
nect the  members.  In  the  great  majority  of  wooden  bridges, 
however,  only  the  compression  members  are  wood,  the  ten- 
sion members  being  composed  of  eyebars  or  built-up  shapes, 
the  same  as  m  pin-connected  steel  trusses.  Such  bridges 
are  often  called  combination  bridges,  although  the  name 
wooden  bridge  is  usually  applied  both  to  all-wood  and  to 
combination  bridges. 

5.  Types  of  Wooden  Trusses. — The  principal  types  of 
trusses  in  which  timber  is  used  are  shown  in  Fig.  1.  In  this 
figure,  (a)  is  a  klngrpost  truss,  and  {b)  a  king^rod  truss. 
When  the  horizontal  members  ab  and  b a!  serve  both  as 
chord  members  and  as  stringers  to  support  the  load  on 
the  floor,  these  trusses  are  called  trussed  stringers.  The 
trusses  shown  at  (r)  and  {d)  are  queenpost  trusses,  and 
those  at  {e)  and  (/)  are  queenrod  trusses.  Diagonals  are 
sometimes  inserted  in  the  center  panel,  as  at  (^)  and  (/), 
and  are  sometimes  omitted,  as  at  (c)  and  (^).  When  the 
horizontal  members  a*,  bVy  and  V a'  serve  both  as  chord 
members  and  as  stringers  to  support  the  load  on  the  floor, 
these  trusses  [(r),  (e/),  (^),  and  (/)]  also  are  called  trussed 
stringers.  The  other  types,  (g),  (A),  and  (/)  are,  respect- 
ively, HoiTve,  Pratt,  and  lattice  trusses. 

135— 3S 
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6.  Metliods  of  Calcolatlon. — As  a  rule,  the  methods 
employed  to  calculate  the  stresses  in  the  members  of  the 
trusses  shown  in  Fig^.  1  are  the  same  as  those  explained  in 
the  various  parts  of  Stresses  in  Bridge  Trusses,  Special 
iissumptions  are  made,  however,  for  some  of  the  types,  as 
will  be  explained  further  on. 


MATERIALS  AND  WORKING  STRESSES 


TIMBER 

7.  Kinds  of  Timber. — The  kind  of  timber  used  for  a 
wooden  bridge  depends  to  a  great  extent  on  the  locality. 
In  the  eastern  part  of  the  United  States,  yellow  pine  is 
employed  more  than  any  other  kind  of  timber;  white  oak 
and  white  pine  are  also  largely  used.  Spruce  is  used  to 
some  extent,  but  is  less  desirable  for  bridge  work  than  any 
of  the  other  kinds  mentioned.  In  the  western  part  of  tbe 
United  States,  Douglas,  or  Orejcon,  fir,  which  is  very 
homogeneous  and  durable,  is  used  to  a  great  extent. 


Kind  of 
Timber 


WORKING    STRESSES    OF    TIMBER 

(Pounds  per  Square  Inch) 


Yellow  pine 
White  pine  . 
Spruce  .  .  . 
White  oak  . 
Douglas  fir  . 


Kind  of  Stress 


Trans-  '£^^"    i  Tension 

verse     Pf  ^^H  on  Net 
e«.^^  .,    on  urossi 

^'^^■'*'*   ,  Section 


Section 

St 


1,200 

8oo 

750 

500 

750 

6oo 

1,000 

700 

1,200 

8oo 

1,000 

650 
800 

900 

1,000 


Shear- 

Bearing 

Along 

the 
Grain 

Across 

the 
Grain 

St 

Sa 

80 

400 

50 

200 

60 

200 

100 

600 

80 

400 

Bearing 

Along 

the 

Grain 


1,250 

800 

800 

1,250 

1,250 
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^3.  Allowable  op  Working  Stresses. — The  allowable 
or-  -^working:  stress  in  timber  depends  largely  on  the  seasoning. 
Fc^  -x:  the  ordinary  timber  in  the  market,  fairly  well  seasoned, 
th^^  working  stresses  given  in  the  table  on  page  4  may  be 
us^^d  for  bridge  work. 

IX  .  Transverse  Stress. — The  allowable  transverse  stresses 
gi  "%^  en  in  the  table  are  the  greatest  allowable  values  of  j*,  in 
pc>ajands  per  square  inch,  as  found  by  the  formula 

Afc 

e^^ilained  in  Strength  of  Materials. 

S.  Compression, — The  allowable  compressive  stresses 
fe^A^cn  in  the  table  are  the  greatest  allowable  values  of  *« 
itx   pounds  per  square  inch,  as  found  by  the  formula 

and  are  for  members  whose  greatest  length  is  not  greater 
than  eight  times  the  least  side  or  diameter.  For  members 
whose  length  is  greater  than  eight  times  the  least  width,  the 
working  compressive  stress  j/,  in  pounds  per  square  inch,  is 
obtained  by  means  of  the  following  formula: 


l  +  .004(^ 

in  which  St  -«  value  given  in  the  table; 

/  «a  length  of  the  member; 
d  Bs  diameter  or  least  side. 
For  example,  if  the  length  of  a  yellow-pine  column  is 
15  feet,  and  the  cross-section  is  10  in.  X  12  in.;  then,  since 
the  least  side  is  10  inches  and  the  value  of  Sc  given  in  the 
table  is  800,.  the  allowable  working  stress  is 

s/ ^^ — -  =  348  lb.  per  sq.  in. 

^        l  +  .004(l^XL2y 

8.  Tension. — ^The  allowable  tensile  stresses  given  in  the 
table  are  the  greatest  allowable  stresses  St  as  found  by  the 
formula  S 

''^  A 
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in  irtiidi  A  is  the  net  area  of  the  member  after  dedtictins; 
boh  holes,  cnts  at  connections,  etc. 

4.  Shearing  Along  ike  Grain. — ^The  workinc:  stresses  s, 
S^iven  in  the  table  for  shearing  alone:  the  grain  are  the  g^reatest 
allowable  lon^tndinal  shearing  stresses  at  the  neutral  axis  of 
a  beam.  For  a  rectangnlar  beam,  the  intensity  of  shear,  as 
fonnd  by  the  formula 

''      2bk 

must  not  exceed  the  working  stress  given  in  the  table.  In 
this  formula,  Fis  the  greatest  external  shear  on  the  beam, 
and  b  and  h  are  the  width  and  depth  of  the  beam  at  the  sec- 
tion of  greatest  shear.  In  addition,  the  tabular  values  are  the 
maximum  allowable  stresses  at  the  f  nds  of  bridge  members 
where  they  connect  to  others,  as  will  be  explained  presently. 

5.  Bearing  Across  the  Grain. — The  allowable  working 
stresses  s^  given  in  the  table  for  bearing  across  the  grain  are 
the  greatest  allowable  intensities  of  bearing  on  the  sides  of 
members  where  other  members  at  right  angles  to  the  first 
connect  to  them. 

6.  Bearing  Along  ike  Grain. — The  allowable  working 
stresses  s,  given  in  the  table  for  bearing  along  the  grain  are 
the  greatest  allowable  intensities  of  bearing  at  the  ends  of 
compression  members,  where  they  rest  on  other  members. 


METALS 

9.  steel. — Steel  rods  and  shapes  are  commonly  used  for 
the  metal  portions  of  combination  bridges,  and  when  so  used 
are  designed  in  the  same  way  as  for  steel  bridges.  The 
working  stresses  are  the    same  as  those  given  in  Bridge 

Speciiications. 

10,  Wrougrht  Iron. — Although  wrought  iron  has  been 
almost  entirely  superseded  by  steel,  it  is  still  used  to  a  slight 
extent  for  the  metal  portions  of  combination  bridges.  When 
so  used,  the  members  are  designed  in  the  same  way  as  for 
steel  bridges,  and  the  allowable  working  stresses  may  be  taken 
as  76  per  cent,  of  those  given  for  steel  in  Bridge  Specificaiions. 
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KINGPOST  AND  KINGBOD  TRUSSES 

11.  Trusses  of  the  kinci>ost  and  kins^rod  types  are  espe- 
cially useful  for  short  spans  that  are  too  Ions:  for  the  use  of 
simple  beams.  They  may  be  made  as  Ions:  as  25  or  30  feet. 
On  account  of  the  lis^hter  loads,  they  can  be  used  for  lousier 
spans  for  highway  than  for  railroad  bridges. 

12.  Description  of  Kingrpost  Truss. — Fig.  2  repre- 
sents the  simplest  form  of  kingpost  truss.     It  consists  of  a 
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top  chord  a  a,  a  vertical  kinnrpost  b,  which  supports  the  top 
chord  at  the  center,  and  a  bent  rod  cc  connecting  the  bottom 
of  the  kingpost  with  the  ends  of  the  top  chord.  The  king- 
post is  held  in  position  at  the  top  by  means  of  a  wooden 
pin  or  iron  drift  bolt  k^  and  also  by  being  set  or  framed  into 
the  top  chord.  At  the  bottom  of  the  kingpost,  a  casting  g 
distributes  the  pressure  of  the  rod  cc  over  the  end  of  the 
post;  the  bottom  of  the  casting  is  grooved  in  order  to  afiEord 
the  rod  a  better  bearing.  At  the  ends  of  the  truss,  the 
rod  c  c  passes  through  plates  e,  e  that  bear  on  the  end  of  the 
top  chord;  the  ends  of  the  rod  are  held  in  place  by  nuts  /,  /. 
The  ends  of  the  chord  a  a  usually  rest  on  timber  blocking  /,/ 
that  is  supported  by  the  bridge  seat  i  or  bent  on  which  the 
truss  rests.  The  distance  /  between  the  centers  of  the 
blocking  on  which  the  truss  rests  is  the  span.    The  post  b  is 
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at  the  center  of  the  span,  makins:  each  panel  equal  to  -. 

The  distance  h  from  the  center  of  the  horizontal  chord  to 
the  intersection  of  the  inclined  members  with  the  kingpost 
is  called  the  belgrlit  of  the  truss. 

13.  In  some  cases,  the  top  chord  simply  consists  of  one 
timber,  and  the  rod  passes  through  it.  In  other  cases,  there 
are  two  or  more  timbers,  and  one  less  or  one  more  rod  than 
there  are  timbers,  the  rods  passing  between  the  timbers  and 
in  some  cases  outside  of  them  at  each  side.     Fig.  3  shows 

the  arrangement  at 
the  end  when  there 
are  two  timbers  and 
one  rod.  Large  cast- 
iron  washers  c  hold 
the  timbers  /,/, 
Fig.3(^),  far  enough 

apart   to   allow  the 
rod  ^  to  pass  between 
them,    and    1-inch 
bolts  e,  e,  spaced  2  or 
3  feet  apart,  hold  the 
timbers  together  and 
make    them  act  as 
one  piece.    The  holes 
for    these   bolts  are 
usually  bored  »  inch  less  in  diameter  than  the  diameter  of  the 
bolt,  and  the  bolts  are  driven  in;  this  makes  them  fit  tight 
in  the  wood.     Cast-iron  washers  d,  d  are  placed  on  the  ends 
of  the  bolts  to  prevent  the  heads  and  nuts  from  sinking  into 
the  wood. 

14.  Description  of  Klngrrod  Truss. — When  there  is 
not  sufficient  room  for  the  kingpost  and  bent  rod  to  project 
below  the  floor,  the  kingrod  truss  shown  in  Fig.  4  is  used. 
In  this  truss,  the  bottom  chord  aa  \%  composed  of  wood, 
and  is  horizontal;  the  kingrod  b  is  made  of  iron  or  steel,  and 
the   inclined   members  c^c^   commonly   called   struts,  are 
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made  of  wood.  The  kin^^rod  passes  through  the  bottom 
chord  and  supports  its  center,  the  plate  e  and  the  nut  /  help- 
ins:  to  hold  the  chord  in  place.  The  top  of  the  rod  passes 
through  and  between  the  ends  of  the  struts  c,  c.  The  nut  /' 
and  plate  ^  hold  this  end  of  the  rod  in  place  and  transmit 
the  stress  in  the  rod  to  the  struts.    At  the  ends  of  the  truss, 
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the  top  of  the  bottom  chord  is  notched,  and  the  lower  ends 
of  the  struts  are  framed  so  as  to  fit  into  these  notches. 
To  assist  in  transmitting  the  stresses  from  the  struts  to  the 
bottom  chord,  each  strut  is  connected  to  the  chord  by 
inclined  bolts  g^g. 

15.  Method    of    Calculatinfgc   the    Stresses. — The 

method  of  calculating  the  stresses  in  the  kingpost  or  king- 
rod  truss  depends  on  the  manner  in  which  the  load  is  applied. 
The  two  usual  conditions  of  loading  will  be  discussed;  they 
are:  (1)  when  the  load  is  applied  to  the  truss  at  the  center 
by  a  floorbeam;  and  (2)  when  the  load  is  applied  along  the 
horizontal  chord,  the  latter  acting  both  as  a  stringer  and  as  a 
chord.  Since  the  kingrod  truss  is  simply  a  kingpost  truss 
inverted*  the  same  methods  apply  to  both,  and  only  the 
kingpost  truss  will  be  discussed  here. 

16.  Case  I. — ^When  the  load  is  applied  to  the  truss  as  a 
single  load  at  the  center  joint  by  means  of  a  floorbeam,  as 
shown  in  outline  in  Fig.  5,  the  stresses  in  the  members  are 
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all  direct  stresses,  and  can  be  found  by  the  methods  explained 
in  Stresses  in  Bridge  Trusses.  In  Fis:.  5,  k  is  the  verdcai 
distance  between  the  center  of  the  horizontal  chord  and  the 
center  of  the  bent  rod  at  the  center  of  the  span,  and  /  is  the 
distance  between  the  centers  of  the  blockingf,  which  should 
be  directly  under  the  intersections  of  the  inclined  members 

with    the    horizontal 
chord. 
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17.    Case  II.- 

When  the  load  is 
applied  at  every  point 
alons:  the  truss,  as 
shown  in  outline  in  ¥\z>  6,  the  stresses  in  the  vertical  and 
inclined  members  are  direct  stresses;  but  in  the  horizontal 
chord  there  is,  in  addition  to  the  direct  stress,  a  bendioi: 
moment  due  to  the 
loads.     This  moment  is     ^  '* 

positive  at  sections 
from  a  and  a'  to  sections 
near  b,  and  is  negative 
at  b  and  for  a  short  dis- 
tance at  each  side  of  b. 
The  formulas  for  the 
stresses  in  the  members  for  this  condition  of  loading  are 
given  here  without  their  derivation,  which  requires  the  use 
of  advanced  mathematics. 

In  these  formulas, 
W  =  total  load,  in  pounds,  uniformly  distributed  on  the  truss; 
/  =  span,  in  inches; 

h  =  distance,  in  inches,  from  the  center  of  the  bent  rod  to 

the  center  of  the  top  chord  at  the  center  of  the  span; 

H  =  angle    that    the    inclined    member   makes    with  the 

horizontal; 
V  =  net  width,  in  inches,  of  the  horizontal  chord; 
d'  =  net  depth,  in  inches,  of  the  horizontal  chord. 

In  computing  the  net  width  and  net  depth,  it  is  necessary 
to  deduct  from  the  gross  width  and  depth,  respectively,  the 
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amount  of  section  removed  for  the  drift  bolt  k.  Fig.  2, 
usually  1  inch  in  width,  and  for  the  material  removed  at  the 
top  of  the  post  b  for  its  connection,  usually  about  i  inch 
deep.  Referring:  to  Fig.  6,  the  stresses,  in  pounds,  are  as 
follows: 

Total  direct  stress  in  b  B: 

Sx  =  -^,  compression  (1) 

8 

Total  direct  stress  in  aB  and  Ba': 

5.  =  ^^csc/T,  tension  (2) 

16 


Total  direct  stress  in  ab  and  ba': 

Sn  =  ,  compression  (3) 

Maximum  bending  moment  an  aa'  {at  b): 

Af  =  -— -  inch-pounds  (4) 

32 

Maximum  intensity  of  stress  on  a  a'  (at  b): 

*  ~  on  »  r/  -7/1  X  [5flf'  +  6  A]  lb.  per  sq.  in.,  compression     (6) 
o^  h  Ir  d' 

In  designing:  the  horizontal  chord,  it  is  necessary  first  to 

assume  a  cross-section,  and  then  calculate  the  intensity  of 

stress  by  means  of  formula  5«     If  the  actual  stress  is  greater 

than  the   allowable   stress  sj  as  found  by  the  formula  in 

Art.  89  or  much  less,  the  section  is  revised,  and  the  intensity 

of  stress  is  again  computed  by  formula  5.     This  process  is 

repeated  until  the  proper  section  is  found. 

Example  1.— In  the  kingpost  truss  shown  in  outline  in  Fig.  6,  let 
the  span  be  20  feet;  the  height,  5  feet,  and  the  weight  w  per  linear 
foot,  2,000  pounds.  To  find;  (a)  the  total  direct  stress  in  b  B\  (b)  the 
total  direct  stress  in  Ba'\  {c)  the  total  direct  stress  in  ab\  (d)  the 
S^reatest  bending  moment  on  a  a'. 

Solution. — Since  the  weight  per  linear  foot  is  2,000  lb.  and  the 
ength  is  20  ft.,  the  total  load  ^on  the  truss  is  2,000  X  20  =»  40,000  lb. 
fUso,  /  =  20  X  12  =  240  in.,  and  A  =  5  X  12  =  60  in. 

(a)  The  stress  in  ^^  is  found  by  formula  1.  Substituting  the 
proper  value  for  XT  gives 

^       5X40,000        oRnnniK  •  a 

Oi  ■■ ^ s=  25,000  lb.,  compression.    Ans. 
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(d)    The  total  direct  stress  in  ^  a'  is  found  by  formula  2.    In  the 
present  case» 


Vf^    ^!W^ 


+  80" 
Therefore, 


csc^ "^ ^-io 2-236 


5.  =     ^!:'       X  2.236  =  27.850  lb.,  tension.    Ans. 
lb 

(r)     The  total  direct  stress  in  a  6  is  found  by  formula  3: 

^         5  X  40.000  X  240        oc  nnn  ik  •  a 

'  = S2"y~60 **  25,000  lb.,  compression.    Ans. 

{d)  The  bending  moment  on  a  a'  is  greatest  at  d,  and  its  value  it 
found  by  formula  4: 

^        40,000  X  240         oi^nnr^.       ,.  . 

M  = ^, ■=  300,000  m.-lb.    Ans. 

Example  2. — If  the  member  fl  a'  is  composed  of  two  timben 
8  inches  wide  and  16  inches  deep,  what  is  the  greatest  intensity  of 
stress  on  the  section? 

Solution.— To  get  the  net  width,  it  is  necessary  to  deduct  1  in. 
from  the  width  of  each  stick  to  allow  for  the  decrease  in  section  by  the 
holes  for  the  drift  bolts;  this  leaves  7  in.  for  the  net  width  of  each,  and 
14  in.  for  the  net  width  bf  of  the  two.  Deducting  \  in.  from  the  depth 
to  allow  for  the  decrease  for  the  connection  of  the  kingpost  leaves  the 
net  depth  d!  =  lo^  in.  The  maximum  intensity  of  stress  is  found  by 
formula  5: 

^  =  Z2-x'^ ll-f  15.5i  X  (^  X  ''■'  +  «  X  60) 
=  GoO  lb.  per  sq.  in.,  compression.    Ans. 

18.  Example  of  Kingrrod  Brldg^e. — Fig.  7  shows  a 
small  highway  bridge  composed  of  one  layer  of  floor  plao^ 
2  inches  thick,  the  floor  joists  /,  the  floorbeam  ^.  and  the 
kingrod  trusses.  In  the  figure,  {a)  is  the  plan,  (d)  is  the 
elevation,  and  (c)  shows  the  connection  of  the  floorbeam/ 
to  the  kingrod  ^  of  the  truss.  The  floorbeams  are  continued 
4  feet  3  inches  beyond  the  truss  on  each  side,  and  inclined 
struts  /,  usually  4  in.  X  6  in.,  are  placed  between  the  end  of 
the  floorbeam  and  the  top  joint  of  the  truss  to  hold  it  io 
place.  This  is  a  very  economical  and  serviceable  bridge  for 
localities  to  which  it  is  adapted. 
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BXAMPIiES    VOB   PRACTICE 

1.  The  panel  load  XT  of  the  truss  shown  in  outline  in  Fig.  5  if 
20,000  pounds.  If  the  span  is  20  feet,  and  the  height  is  4  feet,  what 
is  the  direct  stress  in  the  top  chord?  Ans.  25,000  lb.,  compressioD 

2.  The  load  w  per  linear  foot  on  the  truss  shown  in  outlme  in 
Fig.  6  is  2,400  pounds.  If  the  span  is  25  feet,  and  the  height  is  5  feet 
what  is  the  direct  stress  in  the  member  b  Bl 

'  Ans.  37,500  lb.,  compression 

3.  What  is  the  direct  stress  in  the  member  B  a'  of  the  truss  referred 
to  in  example  2?  .  Ans.  50,500  lb.,  tension 

4.  What  is  the  direct  stress  in  the  member  daf  ot  the  truss  referred 
to  in  vxample  2?  Ans.  46,900  lb.,  compression 

5.  What  is  the  greatest  bending  moment  on  the  top  chord  of  the 
truss  referred  to  in  example  2?  Ans.  562,500  in.-lb. 


QUEENPOST  AND  QUEENBOD  TRUSSES 

19.  Description  of  the  Queenpost  Truss. — Fig.  5 
represents  a  queenpost  truss,  which  is  similar  to  the  king^ 
post  truss,  except  that  the  former  has  three  panels  instead 
of  two.  The  inclined  struts  e^e  are  placed  in  the  center 
panel  to  provide  for  the  shear  in  that  panel;  the  top  chord  a  a 
is  made  continuous  from  end  to  end.  The  rod  r^  is  some- 
times made  in  one  piece,  and  sometimes  in  two  pieces;  in 
the  latter  case,  a  turnbuckle  is  inserted  in  the  center  panel. 
The  castings  /,  /  at  the  bottoms  of  the  posts  provide  a  bear- 
ing area  for  the  posts  and  also  for  the  ends  of  the  inclined 
struts.  The  bottoms  of  the  castings  are  grooved  in  order  to 
aflEord  the  rods  a  better  bearing. 

20.  Description  of  tlie  Queenrod  Truss. — When 
there  is  not  sufficient  room  for  the  posts  and  rods  to  project 
below  the  floor,  the  queenrod  truss  shown  in  Fig.  9  is  used. 
This  truss  is  similar  in  every  way  to  the  kingrod  truss, 
except  that  there  are  three  panels  in  the  former  instead  of 
two.  Castings  ^  are  bolted  to  the  upper  ends  of  the  inclined 
struts,  to  provide  a  bearing  for  the  upper  ends  of  the 
inclined  web  members  <?,  e  in  the  center  panel.     Instead  of 
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stresses,  and  can  be  found  by  any  of  the  methods  explained 
in  Stresses  in  Bridge  Trusses. 
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24.  Case  II. — The  condition  of  loading  for  Case  II  is 
shown  in  Fig.  13.  The  external  forces  are  the  reactions  A 
and  Rny  and  the  uniform  load  per  linear  foot.  In  addition  to 
the  direct  stress  in  the  bottom  chord  «^^a',  there  is  a  bend- 
ing: moment  on  this  member  due  to  the  loads  applied  between 
the  panel  points.  On  this  account,  the  stresses  in  the 
members  are  somewhat  different  from  those  in  Case  I.  The 
S^reatest  stresses  in  the  members  are  found  approximately 
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by  the  formulas  given  below,  which  are  derived  by  the  use 
of  advanced  mathematics.     In  these  formulas, 
W  =  total  load  on  the  truss,  in  pounds; 
/  =  span,  in  inches; 

//  =  distance,  in  inches,  between  the  centers  of  the  chords; 
//  =  angle  between  the  inclined  members  and  the  horizofltalJ 
y  =  net  width  of  the  continuous  chord  abV a!\ 
d'  =  net  depth  of  the  continuous  chord  abb' a'. 
The  formulas  are  as  follows,  the  stresses  being  in  pounds: 
Total  direct  stress  in  b  D  and  b'  Bh 

S,  =  .367  W^,  tension  (1) 

Total  direct  stress  in  a  B  and  B'  a': 

St  =  .367  W^csc  H,  compression  (2) 
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"^otcl  direct  stress  in  b  B'  and  F  B: 

W 

9 

^<>tal  direct  stress  in  B  B'  and  in  ab  V  a': 

.122  Wl 


S,  =  -^  CSC  H^  compression 


5.  = 


h 


(3) 


(4) 


^1^«  Stress  5*  is  compression  in  B  B*  and  tension  in  abl/a'. 

^^^^^^mum  bending manunt  on  abV a! : 

Wl 
M  =  — -  inch-pounds 

^^<^ximum  intensity  of  stress  on  ab  V  a' : 


(6) 


Wl 


-(ll<f  +  6A)lb.  per  sq.  in.,  tension 


(6) 


Pig.  14 


'^S.    Case  III. — The  conditions  of  loading  that  must  be 

^'^sidered  in  this  case  are  shown  in  Figs.  14  and  15.     In 

^^^-    14.  both  panel 

P^ir^ts  are  loaded  (»^. 

^^     W,),  and  when 

^^      loads  are  equal, 

^  ^3  usually  the  case, 

^      stresses   in   the 

^^^^^bers  are  all  direct 

f^^^sses,  and  can  all 

^    found  by  the  principles  explained  in  Stresses  in  Bridge 

^^^sses.   This  loading  causes  the  greatest  direct  stresses  in  all 

'^^  members,  and  controls  the  size  of  all  the  members  except 

the  chord  abb^  a'. 
V--->N^  The  loading  shown 

'    ^^^  in  Fig.   15  causes  a 

bending    moment   in 
the   member  abb^a\ 
so  that  in  some  cases 
this  condition  of  load- 
ing controls  the  size 
of  that  member.     In  Fig.  15  there  is  but  one  panel  point 
loaded;  part  of  the  load  is  supported  by  the  truss,  and  the 
remainder  by  the  member  abV a^  acting  as  a  beam.     When 
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the  truss  deflects,  it  assumes  a  position  similar  to  that 
shown  in  Fig.  15  in  dotted  lines.  It  is  impossible  to 
tell  with  accuracy  how  much  of  the  load  is  supported  by 
the  truss,  and  how  much  by  the  lower  chord  as  a  beam; 
it  is  customary  to  assume,  however,  that  one-half  the  panel 
load  is  supported  by  the  truss,  and  one-half  by  the 
member  abV  a'  z.%^  beam.  On  this  assumption,  the  stresses 
in  abf  a'  are  as  follows: 
Total  direct  stress  in  abV a! : 
WJ 


5  = 


6A 


pounds,  tension 


(1) 


Bending  moment  in  abb' a': 

M  =  -^  inch-pounds  (2) 

18 

Maximum  intensity  of  stress  in  abb'  a': 

s  =  zr-r-}r-ir,  (d!  4-  2  A)  lb.  per  sq.  in.,  tension 
"    KihV  a! 


(3) 
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Fig.  16 

26.     Case  IV. — The  condition  of  loading:  that  needs  to 
be  considered  in  this  case  is  shown  in  Fig.  16.     In  addition 

to  the  direct  stress  in 
the   bottom  chord, 
there  is  a  bending 
moment   due   to  the 
loads  that  are  applied 
jKj   to  the  truss  between 
the  panel  points.  This 
condition  is  similar  to 
that  shown  in  Fig.  13,  and  discussed  under  Case  II.    The 
stresses  in  the  members  of  Fig.  16  can  be  found  by  means  of 
the  formulas  given  under  Case  II.     When  the  truss  is  partly 
loaded,  part  of  the  load  is  carried  to  the  abutments  by  the 
truss  and  part  by  the  bottom  chord  acting  as  a  beam  in  the 
same  way  as  explained  under  Case  III  and  illustrated  in 
Fig.  15.     In  this  case,  however,  the  stresses  in  the  members 
when   the  truss  is  fully  loaded,  as  shown  in   Fig.  16,  are 
greater  than  when  the  truss  is  partly  loaded;  hence,  the  latter 
condition  of  loading  need  not  be  considered. 
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27.  The  fommlas  given  in  the  preceding:  articles  gfive  the 
stresses  in  the  members  of  the  various  types  of  queenrod 
trusses.  The  same  formulas  can  be  used  for  the  stresses  in 
the  members  of  the  queenpost  truss;  the  results  will,  in  s^en- 
eral,  be  numerically  the  same  as,  but  opposite  in  sign  to,  those 
found  for  the  corresponding  members  of  the  queenrod  truss. 

ExAMPLB  1. — In  the  queenrod  truss  shown  in  Fig.  13,  let  the 
weight  w  be  1,800  pounds  per  linear  foot,  the  length  30  feet,  and  the 
height  6  feet.  To  find:  (a)  the  total  load  on  the  truss;  {b)  the  total 
direct  stress  in  bB\  (c)  the  total  direct  stress  in  aB\  {d)  the  total 
direct  stress  in  a  ^  ^  a';  (e)  the  bending  moment  on  ad  6^  a'. 

Solution. — (a)  Since  the  load  w  per  linear  foot  is  1,800  lb.,  and 
the  length  is  30  ft.,  the  total  load  IV  on  the  truss  is  1,800X30 
»  54,000  lb.    Ans. 

(d)  The  total  direct  stress  in  ^  ^  is  found  by  formula  1  of  Art.  24. 
Here,  W  =  54,000  lb.,  and,  therefore, 

5,  »  .367  X  54,000  =  19,800  lb.,  tension.    Ans.   . 

{c)     The  total  direct  stress  in  a  ^  is  given  by  formula  2  of  Art.  24. 

VlO*  -4-  6* 
Here,  IV  =  54.000  lb.,  esc  //'  =       ^^      =  1.944,  and.  therefore. 

5,  =  .367  X  54.000  X  1.944  =  38,500  lb.,  tension.    Ans. 

(d)     The  total   direct  stress  in  abb^  a!  is  given  by  formula  4  of 

Art.  24.     Here,  w  =  54,000  lb.,  /  =  (30  X  12)  in.,  and  A  =  (6  X  12)  in. 

Therefore. 

^         .122  X  54,000  X  30  X  12        oo  onn  ik     *       •  a 

5*  —  g      . o =  32,900  lb.,  tension.    Ans. 

{e)     The  bending  moment  on  abbf  a!  \^  given   by  formula   5   of 

Art.  24.     Here.  W  =  54,000  lb.,  and  /  =  (30  X  12)  in.    Therefore, 

-.       54,000  X  30  X  12        oi «  nnn  •       lu       a 
M  — ^x =  216,000  m.-lb.    Ans. 

Example  2.— If  the  member  abb^  a!  in  the  preceding  example  is 
composed  of  two  sticks  each  7  in.  X  14  in.  in  cross-section,  what  is  the 
maximum  intensity  of  stress  in  the  member? 

SoLunoK. — The  maximum  intensity  of  stress  is  given  by  formula  6 
of  Art.  24.  In  the  present  case,  W  =  54,000  lb.,  /  =  (30  X  12)  in., 
and  A  s  (6  X  12)  in.  It  will  be  assumed  that  the  width  of  each  stick  is 
decreased  1  in.  by  connection  bolts,  making  the  net  width  ^  of  the 
two  combined  2  X  (7  —  1)  =  12  in.  It  will  be  assumed  that  the  depth 
is  decreased  \  in.  at  connections,  leaving  the  net  depth  ^'  =  14  —  ^ 
a  13.5  in.    Substituting  in  the  formula, 

54,000  X  30  X  12 v  ni  v  n /^  4- fl  v  72\ 

'  "  «)X6Xl2Xl2x"i3:5^  ^  ^^^  ^  ^^-^  +  6  X  72) 
"B  796  lb.  per  sq.  in. .  tension.    Ans. 
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28.  Qneenrod  Bridi^e  Without  Dlasronals. — Fig.  17 
shows  a  small  railroad  bridge  composed  of  two  queenrod 
trusses  with  no  diagonals  in  the  center  panel:  (a)  is  the 
elevation  of  the  bridge,  id)  is  the  end  view,  and  (c)  is  the 
ietail  of  the  casting  that  holds  the  ends  of  the  members  in 
place  at  the  top  of  the  truss.  In  this  bridge,  there  are  no 
;tringers  or  floorbeams;  the  ends  of  the  ties  d,  a  rest  directly 
:)n  top  of  the  bottom  chord,  and  are  notched  to  hold  them 
n  position.  Bottom  lateral  braces  /,  /  are  inserted  between 
:he  trusses.  Bottom  transverse  struts  e,  usually  about 
10  in.  X  12  in.  X  30  ft.,  are  placed  under  the  trusses  and 
extended  a  short  distance  beyond  the  trusses  at  each  side  of 
the  bridge.  Inclined  struts  /, /,  usually  about  6  in.  X  8  in., 
connect  the  ends  of  the  transverse  struts  with  the  top  chord 
3f  the  trusses  in  order  to  hold  the  trusses  in  position.  This 
form  of  bridge  is  very  serviceable  for  temporary  purposes 
on  a  railroad  operating  light  locomotives  and  cars. 


EXAMPLES    FOB    PRACTICB 

1.  In  the  qneenrod  truss  shown  in  Fig.  16,  let  w  =  1,200  pounds 
per  linear  foot,  /  =  36  feet,  and  A  =  6  feet.  What  is  the  total  direct 
itress  in  the  member  aB?  Ans.  35,450  lb.,  compression 

2.  What  is  the  total  direct  stress  in  the  member  b  B  ot  the  truss 
referred  to  in  eicample  1  ?  Ans.  15,850  lb.,  tension 

3.  In  the  queenrod  truss  shown  in  Fig.  15,  let  Wt  ==  10,000  pounds, 
I  s  33  feet,  and  A  »  6  feet.    What  is  the  total  direct  stress  inabfa'^ 

Ans.  9,170  lb.,  tension 

4.  What  is  the  bending  moment  on  the  member  abf  a'  of  the 
truss  referred  to  in  eicampleS?  Ans.  220,000  in. -lb. 
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THE  HOWE  TRCSS 

29.  Generml  Description. — ^The  method  of  calculatins: 

the  stresses  in  the  members  of  the  Howe  tmss  was  explained 
in  Siressts  in  Bridge  Trusses^  Part  2.  The  s^eneral  descrip- 
tion of  the  tmss,  as  boOt  in  wood,  and  the  details  of  the 
connections  are  all  that  it  is  necessary  to  s^ve  here. 

30.  Fi^.  18  is  an  elevation  of  a  wooden  Howe  trass. 
The  top  and  bottom  chords  and  the  inclined  web  members 
are  composed  of  timbers;  the  vertical  rods  are  comi)osed  of 
wrought  iron  or  steel.  The  chords  are  nsually  composed 
of  several  timbers  of  nearly  the  same  size;  these  timbers  are 
commonly  called  sticks.  The  inclined  web  members  and 
the  verticals  are  connected  to  each  other  and  to  the  chord 
by  means  of  a  cast-iron  or  cast-steel  block,  commonly  called 
a  chord  block,  as  shown  at  a  ^r in  Fig.  19  (a).  This  figure 
shows  a  bottom  chord  joint;  the  block  abc  \s  set  on  top  of 
the  chord,  and  lugs  e.  e,  cast  on  the  block,  fit  into  grooves  of 
the  same  size  in  the  top  of  the  chord.  The  vertical  rods  /,/ 
pass  through  the  chord  block  and  between  the  several  sticks 
that  compose  the  chord;  they  are  held  in  place  by  means  of 
the  plates  g  and  nuts  h  on  the  bottom  of  the  rods.  The 
upper  surface  of  the  chord  block  is  inclined  on  each  side  of 
the  vertical  rod  so  as  to  give  the  diagonals  Ed'  and  d'  C  2l 
square  bearing.  In  some  cases,  lugs  t,  i  are  cast  on  the 
inclined  surfaces  of  the  casting  so  that  the  inclined  mem- 
bers will  remain  in  place.  The  chord  blocks  are  made  just 
large  enough  to  give  the  inclined  members  the  proper 
width  of  bearing.  They  are  not  made  solid,  but  with  hol- 
low spaces  to  decrease  the  weight.  The  outside  shell  is 
usually  made  from  1  inch  to  la  inches  thick.  The  lugs  e,  e 
are  seldom  made  more  than  1  inch  deep  or  more  than 
2  inches  wide.  The  plates  g  are  made  from  1  to  2  inches  in 
thickness. 


^V/y/A^ 
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31.  Top  Chords. — The  top  chord  is  usually  composed 
of  several  sticks,  as  shown  in  Fis^.  20,  in  which  (a)  is  a  top 
view  and  (^)  a  side  elevation  of  a  top  chord  comx)osed  of 
four  sticks.  The  four  sticks  are  bolted  together  by  means  of 
bolts  CyC,  so  they  will  act  as  a  single  member,  and  are  held  at 
the  proper  distance  apart  (usually  1  or  2  inches  for  ventilation 
to  prevent  rot)  by  means  of  oak  keys  d^d  about  3  inches 
thick  and  12  inches  long,  set  into  the  sides  of  the  sticks.  The 
sticks  are  usually  made  about  as  long  as  it  is  possible  to  get 
them,  and  in  the  top  chord  are  spliced  at  the  centers  of  the 
keys,  as  shown  at  ^,  e  and  /,  /.    The  ends  of  the  spliced  portions 


J 


"^^^ 


M  "^^^ 


are  cut  off  perfectly  square  and  brought  into  close  contact 
throughout  the  width  and  depth  of  the  stick.  Not  more  than 
one  stick  should  be  spliced  at  one  set  of  keys. 

32.  Uottom  Chord. — The  bottom  chord  is  composed 
of  several  sticks  bolted  together,  at  intervals  of  about  6  feet, 
in  the  same  way  as  the  top  chord.  The  difference  between 
the  two  chords  lies  in  the  method  of  splicing.  Since  the  stress 
in  the  bottom  chord  is  tension,  some  means  must  be  employed 
to  transmit  the  stress  from  one  portion  of  a  spliced  stick  to 
the  other  portion.  A  common  form  of  splice  is  shown  in 
iMg.  21,  in  which  {a)  is  a  plan  and  {d)  an  elevation  of  a 
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^nion  of  a  bottom  chord,  showing  a  spttce  at  c,c.    The  ends 

the  portions  to  be  spliced  are  cut  off  square  in  the  same 

lay  as  for  the  top  chord;  oak  cleats  d.d^  about  6  or  7  feet 

>OE^  are   fitted  into  the  sides  of   the   sticks   tliat   are   to 


j£t 
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Fig.  ai 

spiiced»  and  the  whole  is  bolted  together  as  shown  in  the 
gore*    The  stress  is  transmitted  to  the  cleats  and  by  them 

transmitted  around  the  joint* 

Another  form  of  splice  is  shown  in  Fig.  22;  it  differs  from 
he  splice  shown  in  Fig.  21  principally  in  that  the  cleats  rf,  d 
ire  made  of  iron  or  steel  instead  of  wood. 
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Fig.  22 


Fig.  23  shows  a  combinatton  of  parts  that  is  sometimes 

sed  to  splice  the  bottom  chords  of  Howe  trusses.     In  this 

ia)  and  (b)  are  castings  with  short  cylindrical  pro- 

:»tLa  €^£^    Holes  are  bored  in  the  sides  of  the  members 
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to  be  spliced,  and  the  castings  placed  in  socii  a  position  that 
the  projections  e^e  fit  exactly  into  the  bored  holes.  The 
castinc:s  are  bolted  in  this  position.  The  cleat  /  shown 
at  (d)  is  then  hooked  over  the  projections  g^g  on  tbecast- 
inc:s,  and  the  weds:e  w^  shown  at  (^),  is  inserted  between 
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the  end  of  the  rijjht-hand  projection  and  the  inside  of  the 
cleat.  The  wedge  is  driven  in  so  as  to  make  the  cleat  fit 
tight  at  both  ends.  Two  cleats  are  used  in  this  case,  one 
on  each  side,  in  the  same  way  as  two  are  used  in  Figs.  21 
and  22. 

33.     Design  of  Splice. — The  splice  shown  in  Fig.  21 
may  fail  in  any  one  of  five  ways.     Referring  to  Fig.  24, 


J- 
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Pio.  24 

they  are  as  follows:  (1)  by  the  breaking  of  the  cleats 
between  «  and  a'  in  tension;  (2)  by  the  shearing  of  the 
cleats  from  a  to  b  along  the  grain;  (3)  by  the  crushing  of  the 
ends  of  the  tibers  where  the  cleats  and  the  shoulders  on  the 
stick  come  together  at  <ir  in  bearing  along  the  grain;  (4)  by 
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I  the  shearins:  of  the  end  of  the  stick  from  c  to  c*  aloncf  the 
srrain;  (5)  by  the  breaking:  of  the  main  stick  where  it  is  cut 
into  the  most;  that  is,  between  c  and  d^  in  direct  tension. 
In  a  we]l-desis:ned  joint,  the  resistance  to  failure  from  each 
of  these  causes  should  be  as  nearly  as  possible  the  same,  and, 
in  designinsf,  the  dimensions  are  so  proportioned  that  the 
iKTorking  stresses  cfiven  in  Art.  8  are  not  exceeded. 

34.  Case  I. — In  the  first  case  mentioned  in  the  pre- 
cedins:  article,  the  amount  of  stress  that  can  be  transmitted 
by*  the  cleats  in  tension  is  the  product  of  the  net  area  of  the 
cleats  and  the  working:  stress  in  tension.  In  finding  the  net 
AT-ea  of  a  cleat,  it  is  necessary  to  deduct  from  the  gross 
lection  the  area  of  the  bolt  holes.  As  a  rule,  it  is  suffi- 
ciently accurate  to  take  the  net  depth  of  the  cleat  as  2  inches 
^^ss  than  the  gross  depth.  For  example,  if  each  cleat  is 
'^ade  of  white  oak  16  inches  deep  and  H  inches  thick,  the 
^^t  area  of  two  cleats  [since  the  net  depth  is  2  inches  less 
*^*ian  the  gross  depth.  Fig.  21  (^)]  is  2  X  (16  -  2)  X  U  =  42 
^^uare  inches.  The  working  stress  St  in  tension  for  white 
^^k  is  given  in  Art.  8  as  900  pounds  per  square  inch;  then, 
^^e  amount  of  stress  that  can  be  transmitted  by  the  two 
^leats  in  tension  is  42  X  900  =  37,800  pounds. 

35.  Case  II. — In  the  second  case,  the  amount  of  stress 
^^at  can  be  transmitted  by  the  two  cleats  in  shearing  along 
^^e  grain  is  the  product  of  the  area  in  shear  and  the  allow- 
able shearing  stress.     For  example,  if  each  cleat  is  made  of 
'^hite  oak  16  inches  deep,  and  the  length  ab(¥{g,  24)  sub- 
jected to  shear  is  12  inches,  the  area  subjected  to  shearing  is 
^  X  12  X  16  a:  384  square  inches.    Then,  since  the  working 
stress   Ss  in  shear  along  the  grain  is,  for  white  oak,   100 
pounds  per  square  inch  (Art.  8),  the  amount  of  stress  that 
can  be  transmitted  is  384  X  100  =  38,400  pounds. 

36.  Case  III. — In  the  third  case,  the  amount  of  stress 
that  can  be  transmitted  by  the  bearing  area  between  the 
deats  and  the  shoulders  on  the  member  is  the  product  of 
the  bearing  area  and  the  working  stress  in  bearing  along  the 
grain.     For  example,  if  the  shoulders  ac  are  li  inches  wide, 
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the  depth  of  the  member  is  16  inches,  and  the  cleats  are  of 
white  oak  and  the  member  of  white  pine,  the  area  of  bearing 
is  2  X  16  X  I2  =  48  square  inches.  The  allowable  intensity 
5>  of  bearing  along:  the  grain  of  white  oak  is  given  in  Art.  8 
as  1,250  pounds,  and  on  white  pine  as  800  pounds  per  square 
inch.  Since  the  latter  is  the  smaller,  it  must  be  used;  the  stress 
that  can  be  transmitted  is,  therefore,  48  X  800  =  38,400 
pounds. 

37.  Case  IV. — In  the  fourth  case,  the  amount  of  stress 
that  can  be  transmitted  by  the  section  cd.  Fig.  24,  of  the 
member  in  shearing  along  the  grain  is  the  product  of  the 
area  in  shear  and  the  allowable  shearing  stress.  For  exam- 
ple, if  the  member  is  white  pine,  the  depth  of  the  member 
16  inches,  and  the  distance  c(f  24  inches,  the  area  in  shear  is 
2  X  16  X  24  =  768  square  inches.  Then,  since  the  working 
stress  Ss  in  shear  is,  for  white  pine,  60  pounds  per  square 
inch,  the  amount  of  stress  that  can  be  transmitted  is 
768  X  50  =  38,400  pounds. 

38.  Case  V. — In  the  fifth  case,  the  amount  of  stress 
that  can  be  transmitted  by  the  member  where  it  is  cut  into 
to  admit  the  cleats  is  the  product  of  the  net  area  of  the 
decreased  portion  of  the  member  and  the  working  stress  in 
tension.  In  finding  the  net  area  of  the  stick,  it  is  customary 
to  deduct  the  area  of  the  bolt  holes  from  the  gross  section  of 
the  member.  As  a  rule,  the  bolts  are  staggered  at  this 
connection,  so  that  it  is  sufficient  to  take  the  net  depth  of 
the  stick  as  1  inch  less  than  the  gross  depth.  For  example, 
if  the  stick  is  white  pine  and  has  a  gross  width  of  7  inches, 
the  gross  depth  is  16  inches  and  the  notches  are  \\  inches 
deep,  the  net  width  is  7  —  2  X  li  =  4  inches,  and  the  net 
depth  (decreased  by  one  bolt,  Fig.  21)  is  16  —  1  =  15  inches; 
then,  the  net  area  is  4  X  15  =  60  square  inches.  Since  the 
working  stress  St  in  tension  is  650  pounds  per  square  inch 
(Art.  8),  the  amount  of  stress  that  can  be  transmitted  is 
60  X  650  =  39,000  pounds. 

39.  The  dimensions  of  the  splice  that  has  been  consid- 
ered in  the  examples  in  the  preceding  articles  are  shown  in 
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Fig.  25.  This  form  of  splice  is  frequently  used.  The  bolts 
that  hold  together  the  various  parts  of  the  splice  should  not 
be  considered  as  transmitting  any  part  of  the  stress;  they 
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erve    simply  to  hold   the   parts   so   that   they   will   work 
agether. 

40.  liateral  System. — The  lateral  trusses  are  formed 
1  the  same  way  as  the  vertical  trusses.  The  transverse 
lembers  are  composed  of  rods  and  the  inclined  members  of 
imber.  They  are  connected  to  the  sides  of  the  chords  by 
hord  blocks,  or  castings,  in  the  same  way  as  the  web  mem- 
ers  of  the  vertical  trusses  are  connected  to  the  chords. 


SXAMPL.ES    FOR    PRACTICE 

1.  If  the  cleats  shown  in  Pig.  24  are  of  white  oak,  14  inches  deep 
nd  1^  inches  thick,  how  much  stress  can  they  transmit  without 
Kceeding  the  working  stress  in  tension?  Ans.  27,000  lb. 

2.  If,  in  example  1,  the  length  of  each  cleat  subjected  to  shear  is 
1  inches,  how  much  stress  can  the  cleats  transmit  without  exceeding 
le  working  stress  in  shearing  along  the  grain?  Ans.  33,600  lb. 

3.  If  the  main  member  is  of  white  pine  and  the  width  of  the 
tioulder  where  the  cleat  bears  on  the  member  is  1^  inches,  how  much 
iress  can  be  transmitted  without  exceeding  the  working  stress  in 
earing  along  the  grain ?^  Ans.  28,000  lb. 

4.  If  the  length  of  the  member  from  the  shoulder  to  the  end  is 
)  inches,  how  much  stress  can  be  transmitted  by  the  member  without 
Kceeding  the  working  stress  in  shearing  along  the  grain? 

Ans.  28,000  lb. 

5.  If  the  thickness  of  the  member  where  it  is  cut  into  for  the  ends 
\  the  cleats  is  3^  inches,  how  much  stress  can  be  transmitted  without 
cceeding  the  working  stress  in  tension?  Ans.  29,600  lb. 
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TOWNB  LATTICE  TRUSS 

41,  General  Description.— Pie.  26  shows  a  type  of 
truss,  called  the  Towne  lattice  trass,  that  is  used  to  some 
extent  at  the  present  time:  (a)  is  the  elevation  of  the  end 
portion  of  a  truss,  and  {d)  is  a  cross-section  on  CC  In 
this  truss,  all  the  members  are  wood,  the  only  metal  being 
the  bolts  used  to  hold  the  members  together.  The  chords 
consist  of  the  horizontal  members  cc,  dd,  ee,  and  //. 
The  two  portions  cc  and  dd  form  the  top  chord;  the  two 
portions  ee  and  //  form  the  bottom  chord.  Each  portion 
of  the  chords  is  composed  of  several  sticks,  as  shown  in 
cross-section  in  Fig.  26  {b.)  The  web  consists  of  a  large 
number  of  flat  planks,  the  ends  of  which  are  connected  to 
each  other  and  to  the  chords.  The  horizontal  member  gg 
consists  of  two  pieces  and  serves  the  purpose  of  stiflEening 
the  web  members  near  the  center  of  the  length.  The  trusses 
are  stiffened  at  the  ends  by  means  of  vertical  timbers  hh 
and  /  /  bolted  to  the  sides  of  the  web  members.  The  ends 
of  the  trusses  rest  on  blocking // that  is  supported  on  the 
bridge  seats. 

42.  Floorbeams. — When  these  trusses  are  used,  the 
floorbeams  are  connected  below  the  bottom  chord  as  shown 
at  XrXr  in  Fig.  26.  The  bolts  /,  /  pass  through  the  lower 
portion  of  the  bottom  chord  and  through  the  ends  of  the 
floorbeams.  The  latter  are  usually  spaced  from  2  to  3  feet 
apart  in  this  type  of  bridge. 

43.  Connection  of  Web  Members  to  Cliords. — The 

method  of  connecting  the  web  members  to  the  chords  is 
shown  in  detail  in  Fig.  27,  in  which  a  a  and  bb  are  web 
members  and  cc  is  the  chord  member.  At  dy  the  intersection 
of  the  center  lines  of  the  members,  an  iron  bolt  about  1  inch 
in  diameter  is  driven  through  a  bored  hole,  and  tightened 
up.     Oak  pins  e.e^  commonly  called  treenails,  having  the 
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same  diameter  and  nearly  the  same  lengrth  as  the  bolt,  are 
also  driven  through  bored. holes,  and  serve  to  transmit  the 
stresses  to  and  from  the  members.    The  amount  of  stress 


\A/  / 


\^O0 


M 


Pio.  27 

that  can  be  transmitted  to  any  of  the  members  by  the 
joint  shown  in  Fig.  27  is  usually  assumed  in  practice  to  be 
7,500  pounds. 

44.     Splices  In  Chord  Members. — The  sticks  that  form 
the  top  chord  are  joined  by  cutting  the  ends  square  and 
^  bringing   them  into 

-^^-■^■^^;— g>  good  contact  in  much 
?^^^  the  same  way  as  in 
the  Howe  truss.  The 
several  sticks  that 
form  the  bottom 
chord  are  usually 
spliced  as  shown  in 
Fig.  28.    The   ends 
are  brought  together, 
and  wrought-iron  or 
steel  pieces  d,  d  are  inserted  in  holes  cut  in  the  members; 
long  U-shaped  bolts  e,e  are  placed  over  the  ends  of  the 
pieces  d,d.     The   nuts  /,  /  serve   to  tighten  up  the  bolts 
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so  that  they  will  bear  firmly  ag^ainst  the  top  and  bottom  of 
the  pieces  d^  d. 

45.  liateral  System. — The  lateral  trusses  are  usually 
made  the  same  as  for  the  Howe  truss,  and  the  members  con- 
nected to  the  sides  of  the  members  by  castings  or  chord 
blocks.  In  addition,  transverse  frames  are  put  in,  as  shown 
in  Fig.  26  (^),  and  curved  knee  braces  or  brackets  m  are 
placed  between  the  bottom  of  the  transverse  frame  and  the 
web  members  of  the  truss. 

46.  Protection  of  Truss. — To  prevent  deterioration  on 
account  of  the  weather,  it  is  customary  to  shelter  this  truss, 
and  in  some  cases  Howe  trusses  also,  by  building  a  roof  and 
sides,  as  shown  in  Fig.  26  {b).  The  roof  nn  \%  usually 
composed  of  1-inch  boards  supported  by  and  nailed  to 
joists  0^0  on  top  of  the  truss.  The  sides/,/  also  consist  of 
1-inch  boards  that  are  nailed  to  the  pieces  ^,  q  bolted  to  the 
sides  of  the  trusses. 

COMBINATION    TRUSSES 

47.  General  Description. — Although,  strictly  speak- 
ing, a  combination  truss  is  any  truss  in  which  some  mem- 
bers are  of  wood  and  some  of  metal,  the  name  is  generally 
restricted  to  pin-connected  trusses  in  which  the  compression 
members  are  wood  and  the  tension  members  are  steel  or 
iron.  The  Pratt  and  the  Baltimore  are  the  two  forms  of 
truss  that  are  most  used  for  this  construction.  In  all  com- 
bination trusses,  the  details  of  the  connections  of  the  wooden 
members  are  arranged  in  such  a  way  that  the  members  can 
be  removed  and  replaced  without  the  necessity  of  taking 
down  the  truss.  This  arrangement  is  necessary  because  the 
wooden  members  decay  and  must  be  renewed  from  time  to 
time,  while  the  steel,  if  properly  [taken  care  of,  will  last 
almost  iildefinitely. 

48.  Bottom  Chord  Joint. — Fig.  29  shows  a  bottom 
chord  joint  of  a  combination  truss:  {a)  is  the  elevation  and 
(b\  the  side  view  of  the  joint.     The  only  difference  between 
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this  joint  and  that  in  a  steel  pin-connected  tmss  is  in  the 

connection  of  the  vertical  member  to  the  pin.    This  is  accom- 
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plished  by  attaching:  to  the  end  of  the  member  a  casting:  /, 
having  a  projection^  that  fits  into  a  groove  in  the  end  of  the 
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(a) 


Fig.  30 


member.     The  casting  has  two  sides  or  webs  A  that  bear  on 
the  pin.     The  bolt  /  is  simply  for  the  purpose  of  holding  the 
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member  in  place  on  the  casting:,  and  does  not  transmit  any 
stress.  The  thickness  of  metal  in  the  casting:,  which  should 
always  be  a  steel  casting:,  is  usually  not  less  than  1  inch. 

49.  Top  Chord  Joint. — Fig.  30  shows  a  top  chord  joint 
of  a  combination  truss:  (a)  is  the  top  view,  (d)  is  the  eleva- 
tion, and  (c)  is  the  side  view  of  the  joint.  The  ends  of  the 
top  chord  members  abut  on  the  sides  of  a  casting//,  and  are 
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held  in  place  on  the  casting:  by  means  of  bolts  ^,^  that 
pass  through  the  ends  of  the  members  and  through  projec- 
tions h,  h  on  the  sides  of  the  casting.  The  vertical  abuts  on 
the  under  side  of  the  casting,  and  is  held  in  place  by  a 
bolt  /  that  passes  through  a  projection  /  on  the  under  side. 
The  sides  of  the  casting  that  are  in  contact  with  the  ends  of 
the  chord  members  are  connected  by  webs  or  diaphragms  k^  k 
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about  opposite  the  centers  of  the  sticks.  These  webs  pro- 
vide also  a  bearing:  for  the  pin  that  passes  through  the  cast- 
ing and  holds  the  ends  of  the  eyebars  in  place.  The  casting 
is  further  stiffened  by  inclined  webs  /,  /  between  the  webs  k,  k 
and  the  bearing  surfaces. 

50.  Hip  Joint. — The  detail  at  the  hip  joint  is  somewhat 
diiSerent  from  the  other  top  chord  joints.  Fig.  31  shows  a 
hip  joint:  {a)  is  the  top  view,  and  (b)  the  elevation  of  the 
joint.  The  end  post  a  B  and  the  top  chord  B  C  are  bolted  to 
separate  castings;  these  are  furnished  with  webs  or  diaphragms 
for  bearing  on  the  pin  arranged  in  such  a  way  that  the  hip 
vertical  b B  and  the  end  diagonal  Be  can  also  connect  to  the 
pin.  In  the  figure,  the  hip  vertical  is  placed  inside  of  both 
castings,  and  the  end  diagonal  is  placed  between  the  two 
castings. 

51.  Deslgrn  of  Pins. — The  pins  in  a  combination  truss 
are  designed  in  the  same  general  manner  as  those  in  a  steel 
pin-connected   truss.     The    method  of    procedure   is   fully    ^ 
described  in  Design  of  a  Highway  Truss  Bridge^  Part  2. 
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INTRODUCTION 

Conditions  Oovemlng:  Use  of  Roof  Trasses. 
;ses  are  frequently  employed  to  support  the  roofs  of 
ling^s  in  cases  where  a  large  area  of  floor  clear  of  inter- 
late  walls  and  columns  is  desired,  and  when  so  used  are 
d  roof  trusses.  Roof  trusses  are  usually  set  at  right 
es  to  the  length  of  the  building,  so  as  to  make  the  span 
lort  as  possible;  and  their  ends  either  rest  on  top  of  the 
walls  or  are  supported  by  columns  embedded  therein. 

Types  of  Roof  Trusses. — The  same  general  types 
usses  are  used  for  roofs  as  for  bridges,  except  that  the 
nations  of  the  chords  of  roof  trusses  are  made  to  conform 
the  slope  of  the  roof  and  the  required  underneath  clear- 
.  This  gives  rise  to  special  types,  some  of  which  are 
trated  in  Figs.  1  to  15.  The  simplest  type  of  roof  truss 
lown  in  Fig.  1;  it  consists  simply  of  the  two  inclined 
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sad  and  dc,  the  lower  joints  of  which  are  connected  by 
lorizontal  chord  or  bottom  tie  ac.  This  type  of  truss 
be  used  for  spans  up  to  20  feet.  In  Fig.  2,  the  long 
K>ntal  chord  or  tie  a  c  is  supported  at  the  center  by  the 
cal  tie  h  d.    This  type  of  truss  may  be  used  for  spans 
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up  to  30  feet.    For  spans  from  30  to  40  feet,  the  form  shown 
in  Pig.  3  may  be  used.     In  this  truss,  the  inclined  struts  ab 

and  dc  are  supported  at 
their  center  points  by 
the  inclined  struts  ^^ 
and  df;  the  lower  ends 
of  these  struts  are  sup- 
ported by  the  vertical 
tie  d  d.  For  spans  up  to 
40  feet,  the  type  shown  in  Fig.  4  is  sometimes  used.  When 
built  of  timber,  with  the  tie  ac  continuous,  or  in  one  piece 
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from  a  to  r ,  the  diagonals  in  the  center  panel  are  sometimes 
omitted.     The  types  shown  in  Figs.  5,  6,  7,  8,  and  9  are  used 
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for  all  spans,  the  particular  type  chosen  for  any  special  case 
depending  on  local  conditions,  and,  to  a  great  extent,  on  the 
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judgment  of  the  designer.  In  Figs.  5,  6,  and  7,  the  slopes  a* 
and  be  are  each  divided  into  a  number  of  equal  spaces.  In 
Fig.  7,  the  web  members  dd  and  ^^  are  at  right  angles  to  the 
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ilope.  In  Pis:s.  8  and  9,  the  construction  shown  above  the 
trasses  in  dotted  lines  is  for  the  purpose  of  s:ivins:  the  sur- 
Eace  of  the  roof  an  even  slope. 
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3.  All  the  trusses  considered  in  the  preceding:  article  have 
horizontal  lower  chords.  It  is  often  desired  to  have  greater 
headroom,  or  clearance,  beneath  the  trusses  at  the  center  of 
the  buildins:  than  at 
the  sides.  In  such  a 
case,  the  walls  or  col- 
umns that  support 
the  ends  of  the  roof 
trusses  are  frequently 
not  carried  as  high  as  the  required  height  at  the  center  of  the 
building,  and  one  of  the  types  of  roof  trusses  shown  in 
Figs.  10  to  13  is  used. 


ROOF  TRUSSES 


S81 


4.    For  supportins:  the  roofs  of  station  platforms,  cjand 
stands,  etc.,  the  arrangement  shown  in  Pisr.  14  is  frequently 

employed.  It  con- 
sists of  a  truss  resting 
on  two  columns;  the 
ends  of  the  truss  over- 
hang: the  supports, 
forming:  cantilevers. 
In  shop  and  mill 
buildins:s,  in  which 
the  roof  trusses  are 
supported  on  col- 
umns, the  lower  chord 
of  the  truss  is  frequently  connected  to  the  columns  by  inclined 
struts,  as  shown  at  b  in  Fig:.  15;  these  struts  are  usually  pro- 
jections of  one  of  the  web  members.  The  projection  at  the 
top  of  Fig:.  15  is  commonly  called  a  monitor,  and  serves 
the  purpose  of  providing:  vertical  skylights  at  r,  c.  The  mem- 
be  rs  of  the  monitor 
do  not  form  part  of 
the  truss,  but  are 
simply  for  the  pur- 
pose of  transmitting 
to  the  truss  any  loads 
that  may  come  on  the 
monitor. 


5.     Distance  Be- 
tween Trusses. 

The  distance  between 
trusses  depends  to 
some  extent  on  the 
architectural    design; 
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that  is,  the  location  of  windows,  doors,  etc.  It  is  customary, 
in  desigfning:  a  building,  to  arrang:e  it  in  a  number  of  sec- 
tions, or  bays,  and  to  have  the  same  opening:s  for  windows 
in  each  bay.  Between  the  bays,  the  wall  is  carried  up  solid 
from  the  foundation.     The  trusses  usually  rest  on  this  solid 
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on  columns  embedded  in  it.  It  is  bad  practice  to 
truss  rest  on  a  wall  directly  over  the  opening:  tor  a 
*  a  window.  There  is  usually  a  roof  truss  at  the  junc- 
each  two  bays 
each  end  wall, 
been  found  in 
s  that  it  is  well 
e  the  distance 
n  trusses  about 
arth  the  span, 
are  seldom 
less  than  10 
id  never  more 
ibout  50  feet 
to  center. 

Span    and*^  ^'o  i*  ^ 

-The  horizontal  distance  /,  Fig,  16,  between  the  sup- 
>f  a  roof  truss  is  called  the  span.  The  vertical  dis- 
from  the  top  of  the  truss  to  the  level  of  the  supports 
d  the  Pise.  The  vertical  distance  h  from  the  inter- 
s  of  the  inclined  top  members  to  the  center  of  the  lower 

chord  at  the  center  of 
the  span  is  called  the 
depth  of  the  truss. 
In  some  cases,  k  is 
made  equal  to  r,  in 
others  k  is  made  less 
than  r, 

7.    Rafters,  Pur- 
lins,  and    Chords. 

The  inclined  upper 
members  of  a  roof 
truss,  as  ad  in  Figs. 

,  6,  7,  are  called  main  rafters,  or  simply  rafters. 

wer  chord  or  member  ac  is  called  simply  the  chord. 

trusses  are  connected  to  each  other  at  the  joints  of  the 

by  beams  called  pdrllns,  as  shown  in  cross-section 
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in  Pis:.  17  (a).  When  the  distance  between  tmsses  is  small, 
channels  or  I  beams  are  used  for  purlins;  when  the  distance 
between  trusses  is  c:reater  than  20  or  25  feet,  riveted  girders 
or  trusses  are  used.  The  ends  of  the  purlins  sometimes  rest 
on  top  of  the  rafters,  as  shown  in  Fis^.  17  (a),  and  are  som^ 
times  connected  to  the  web  members,  as  shown  in  Fis:.  17  (b). 


As  the  surface  of  the  roof  is  not  horizontal,  there  is  a  tend- 
ency for  the  purlins  to  sag  or  deflect  sidewise.  To  counter- 
act this  tendency,  the  purlins  are  connected  at  one  or  more 
points  intermediate  between  the  trusses  by  means  of  tie-rods 
c,  Fig.  17  (a),  that  run  from  the  purlin  at  the  top,  or  ridflre, 
down  both  sides  of  the  roof. 

8.  On  top  of  the  purlins,  and  at  right  angles  to  them,  are 
smaller  beams  d,  Fig.  17(a),  close  together.  They  are  called 
common  rafters,  and  are  usually  spaced  about  2  feet  apart. 
They  support  the  roofing  material  and  covering,  and  transmit 
any  load  on  the  roof  to  the  purlins.  The  purlins  transmit  the 
load  to  the  trusses  at  the  joints  of  the  main  rafter. 

9.  Panel  licn^th. — The  panel  lengrth  of  a  roof  truss 
is  the  distance  between  two  successive  joints  of  the  rafter, 
measured  along  the  slope.     It  may  be  found  by  the  formula 


P  = 


V/*  4-  4  r* 


in  which  ^  is  the  panel  length  and  n  is  the  number  of  panels. 


1 81  ROOF  TRUSSES  7 

10.  Slope  of  Roof. — The  slope  of  the  roof  is  frequently 
poken  of  in  terms  of  the  ratio  between  the  rise  and  the  span. 
Ellis  ratio  is  called  the  pitch.  Thus,  a  pitch  of  i  means  that 
he  rise  of  the  roof  is  i  of  the  span.  The  slope  is  also  spoken 
d  as  the  ratio  of  the  vertical  distance,  called  the  rise,  to  the 
orrespondins:  horizontal  distance,  called  the  run;  thus,  1  of 
ise  to  '2  of  run  means  that  for  every  2  feet  measured  hori- 
ontally,  the  roof  rises  1  foot  vertically.  This  ratio  is  usually 
poken  of  as  1  in  2,  1  in  3,  etc.  This  form  will  be  used  in 
he  following:  articles. 

11.  Roof  Covering:. — The  materials  commonly  used 
or  roof  coverings  are  shing^les,  slate,  tile,  copper,  tin,  corru- 
gated iron,  felt,  asphalt,  tar,  and  gravel.  Thin  slabs  of  rein- 
orced  concrete  have  also  been  used  in  a  number  of  cases. 
Vith  all  of  these  materials,  except  the  reinforced-concrete 
lab,  it  is  customary  to  put  wooden  sheathing  about  1  inch 
hick  directly  on  top  of  the  common  rafters,  so  as  to  afford 
he  roofing  material  a  flat  surface  on  which  to  rest.  Shingles 
md  tile  may  be  used  on  all  slopes  greater  than  1  in  2,  and 
late  and  corrugated  iron  on  all  slopes  greater  than  1  in  3. 
yopper  and  tin  with  the  joints  well  soldered,  and  also  rein- 
orced  concrete,  may  be  used  on  all  slopes.  Felt,  with 
isphalt  or  tar  and  gravel,  is  used  on  flat  roofs  having  slopes 
ess  than  1  in  4.  If  used  on  greater  slopes,  the  tar  or  asphalt 
rill  ran  down  when  it  gets  warm,  and  leave  the  upper  part 
)f  the  roof  exposed.  The  kind  of  roof  covering  adopted 
lepends  mainly  on  the  type  of  building  and  on  the  amount 
>f  money  available. 
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LOADS  AND    STRESSES 

12.  lioads. — The  loads  that  must  be  supported  by  roof 
trusses  are  the  dead  load,  which  consists  of  the  weight  of 
roof  covering,  rafters,  purlins,  and  trusses;  the  live  load, 
which  consists  of  the  heaviest  snowfall;  and  the  wind  load, 
which  is  due  to  the  pressure  of  the  wind.  In  addition,  if 
ceilings  or  balconies  are  attached  to  the  chords  of  the 
trusses,  the  latter  must  be  designed  to  support  them.     . 

13.  Dead  Lioad. — The  dead  load  depends  on  the  kind 

of   roof  covering  used,  the  distance  between  rafters  and 

purlins,  and  the  distance  between  trusses  and  supports.    The 

approximate  weights  of  the  usual  roof  coverings  and  ceiling 

are  as  follows: 

Pounds 
Matbrials  per  Squarb 

Foot 

Shingles 2 

Slate 8 

Corrugated  tile 9 

Tile  on  3-inch  fireproof  blocks      35 

Copper  and  tin      li 

Corrugated  iron 2 

Felt  with  tar  or  asphalt  and  gravel 9 

Wooden  sheathing  1  inch  thick 4 

Lath-and-plaster  ceiling      10 

Glass  skylight,  including  frames      8 

Concrete    slab,    including   reinforcement   (per 

inch  of  thickness) 12 

The  weight  of  the  common  rafters,  purlins,  and  trusses 

should  first  be  assumed,  and  the  weights  revised  after  the 

members  have  been  designed.     If  balconies  are  attached  to 

the  trusses,  their  weight  must  be  calculated. 

14.  Snow  lioad. — The  weight  of  snow  that  may  fall  and 
remain  on  a  roof  in  winter  depends  on  the  slope  of  the  roof 
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id  on  the  climate.  It  is  customary  to  assume  a  weis:ht  of 
'  pounds  per  square  foot  in  the  northern  part  of  the  United 
ates,  and  10  pounds  per  square  foot  in  the  southern  part, 
i  roofs  the  slope  of  which  is  not  greater  than  1  in  2.  These 
ads  are  s^radually  decreased  for  steeper  roofs,  up  to  a  slope 
2  in  1,  for  which  the  snow  load  is  neglected,  it  being 
sumed   that   the  snow  will  slide  off  by  its  own  weight. 

15,  Wind  Pressure. — In  considering  the  pressure  of 
e  wind  on  a  roof,  it  is  customary  to  resolve  it  into  two 
•mponents,  one  parallel  with  the  surface  of  the  roof,  and 
e  other  normal  to  that  surface.  In  calculating  the  stresses 
le  to  the  wind  pressure,  the  former  component  is  neglected. 
tie  intensity  of  the  normal  component  varies  with  the  slope, 
iing  greater  for  steep  than  for  flat  roofs.  The  normal 
tensities  of  wind  pressure  per  square  foot  on  roofs  of  dif- 

rent  slopes  are  usually  taken  as  follows: 

Normal 
Slopb  of  Roof  Intensity. 

£9i.virA   sjr   tKSJsjv  POUNDS   PER 

Square  Foot 

Flat  roof 0 

lin  5  (tV  pitch) 10 

1  in  2i  (i  pitch) 20 

1  in  2    (i  pitch) 26 

1  in  1*  (i  pitch) 80 

1  in  1    (i  pitch) 36 

1  in  i,  and  steeper 40 

Since  wind  can  blow  in  but  one  direction  at  any  one  time, 
is  customary  to  consider  but  one  side  of  a  roof  truss 
ided  with  wind  load  at  any  one  time. 

16.  Panel  I^oads. — Each  truss,  except  those  at  the 
ds  of  the  building,  is  assumed  to  support  one-half  of  the 
id  in  each  of  the  two  adjacent  bays.  If  the  lengths  d  of 
e  bays  are  all  equal,  and  the  panel  lengths  p  of  the  rafter 
e  equal,  and  the  load  per  square  foot  of  roof  surface  for 
y  loading  is  w,  the  panel  load  IV  for  that  loading  is  given 
'  the  formula 

fV^  wbp 
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w         be 


as  shown  in 


Fig.  18 


For  dead  and  snow  loads,  the  panel  loads  are  vertical,  and 
the  stresses  in  the  members  are  greatest  when  there  is  a 
full  panel  load  at  each  of  the  joints  of  the  rafter,  except 

at  the  supports,  where 
the  panel  loads  will 

2 

Fijf.  18.  For  wind 
loads,  the  panel  loads 
are  inclined  and  con- 
sidered normal  to  the  roof.  The  stresses  caused  in  the  mem- 
bers by  the  wind  load  are  greatest  when  there  is  a  full ; 
load  at  each  joint  of 
the  rafter  on  one-half 
of  the  truss,  except  at 
the  top  and  bottom 
joints,  where  the 
W 
2 
shown  in  Fig:.  19- 


loads  will  be 


as 


Pig.  19 

The  panel  loads  on  the  trusses  at  the  ends 
of  the  building  are,  as  a  rule,  one-half  those  on  the  other 
trusses. 

17.  The  panel  loads  on  the  sloping  parts  of  the  roof 
and  monitor  shown  in  Fig.  20  are  found  in  the  same  way  as 
for  other  trusses.  When  the  length  of  the  sloping  part 
of  the  roof  of  the  monitor  is  equal  to  a  panel  length  of  the 


truss,  the  panel  loads  — - 


on   the  roof  of  the  monitor  are 


W 


In  addition, 


equal  to  the  half  panel  loads   --  on  the  truss. 

lyff 
there  are  horizontal  wind  forces  of  -—  at  the  top  and  bottom 

of  the  vertical  side  of  the  monitor,  W'^  being  the  total  wind 
pressure  on  one  bay  of  the  vertical  side,  computed  for  a 
wind  pressure  of  40  pounds  per  square  foot. 

18.     If  the  side  walls  of  the  building  are  of  masonry,  the 
wind  pressure  on  them  need  not  be  considered  in  the  design 
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)f  the  roof  trusses.  If  the  sides  are  exposed  to  the  action  of 
the  wind,  and  are  of  wood,  corrugated  iron,  or  other  build- 
ins^  material  attached  to  the  outside  of  the  columns,  the  wind 
pressure  on  the  side 
of  the  building  causes 
stresses  in  the  roof 
trusses,  and  hence 
must  be  taken  into 
account.  It  will  be 
assumed  that  the 
wind  pressure  on  the 
side  of  the  building 
for  a  length  of  one 
bay  is  W\  and  that 
one-half  of  this  is 
transmitted  to  the 
bottom  and  one -half  f^f* 
to  the  top  of  the 


Pio.  20 


column,  giving  a  concentrated  load  of  — ^  at  each  of  these 
points,  as  shown  in  Fig.  20. 

19.  Reactions. — The  reactions  due  to  the  dead  and 
snow  loads  are  vertical,  and  are  found  in  the  same  way  as 
for  a  simple  beam.    The  reactions  due  to  the  wind  load  may 
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be  vertical  or  inclined,  according  to  the  manner  in  which  the 
ends  of  the  trusses  are  connected  to  the  supports.  When  the 
ends  of  the  trusses  rest  on  top  of  the  walls,  and  both  ends 
are  anchored  down,  as  is  usual  with  spans  less  than  about 
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70  feet  lon^,  it  is  cnstomary  to  assume  that  both  reactions 
are  parallel  to  the  direction  of  the  wind  panel  loads,  as 


Pig.  2S 


shown  in  Fig.  21.     The  magnitude  of  the  reactions  /?•  and 
i?,  can  be  found  by  resolving  the  resultant  F  of  the  wind 
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anel  loads  into  two  components  passing:  through  the  points 
E  support  and  parallel  to  the  resultant. 

20.  For  longer  spans,  it  is  customary  to  place  rollers 
Qder  one  end  to  provide  for  changes  in  length  due  to 
tianges  in  temperature.  Since  the  truss  is  free  to  move 
orizontally  at  the  expansion  end,  no  horizontal  force  can 
e  transmitted  to  the  abutment  or  support  at  that  end, 
xcept  the  friction  of  the  rollers,  which  is  usually  neglected. 
ill  the  horizontal  components  of  the  inclined  wind  panel 
>ads  are  then  assumed  to  be  transmitted  to  the  support  at 
xe  fixed  end.  The  directions  of  the  reactions  when  the  wind 
»  blowing  on  the  expansion  end  of  the  truss  are  shown  in 
ig.  22.  The  directions  of  the  reactions  when  the  wind  is 
lowing  on  the  fixed  end  of  the  truss  are  shown  in  Fig.  23. 
^  each  of  these  figures  the  circle  at  the  left-hand  end  repre- 
^nts  the  rollers  under  that  end  of  the  truss,  at  which  end 
le  reaction  is  vertical. 

21.  In  the  case  represented  in  Fig.  24,  it  is  customary 
^  find  the  horizontal  and  vertical  components  of  the  reac- 


ons  separately.  For  this  purpose,  the  various  wind  forces 
re  resolved  into  their  vertical  and  horizontal  components. 
'he  vertical  components  of  the  reactions  at  C  and  C  are 
iien  found  by  taking  moments  about  C  and  C,  respectively. 
?he  horizontal  components  of  the  reactions  are  found  on 

185—26 
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the  assumption  that  one-half  the  sum  of  the  horizontal  com- 
ponents of  the  wind  forces  s^oes  to  each  support. 

If  the  columns  are  fixed  in  direction  at  the  bottom,  a$  is 
usually  the  case,  points  of  inflection  may  be  taken  half  way 
between  the  lower  ends  of  the  inclined  braces  and  the  bases 
of  the  columns,  the  same  as  in  the  case  of  the  end  post  of  a 
through  truss  bridge. 

22.  Method  of  Calculation. — ^The  stresses  in  the  mem- 
bers of  roof  trusses  can  be  found  by  either  the  analytic  or  the 
graphic  method.  The  members  of  most  roof  trusses  have  so 
many  difiEerent  inclinations,  however,  that  the  work  required 
by  the  analytic  method  is  comparatively  great;  so  this  method 
is  seldom  used  in  practice.  The  graphic  method  is  especially 
useful  for  this  purpose.  The  stresses  should  be  found  sep- 
arately for  the  vertical  and  for  the  inclined  loads.  When 
one  end  of  the  truss  rests  on  rollers,  the  stresses  due  to  the 
wind  should  be  found  separately  for  the  wind  blowing  in 
each  direction.  In  the  latter  case,  there  are  three  conditions 
of  loading  for  which  the  stresses  in  the  members  must  be 
found;  namely,  (1)  full  snow  load  together  with  the  dead 
load;  (2)  wind  pressure  on  the  expansion  end;  (3)  wind 
pressure  on  the  fixed  end.  The  stresses  found  in  (1)  must 
be  combined  with  those  found  in  (2)  or  (3)  to  obtain  the 
greatest  stress  in  each  member.  In  some  trusses,  there  are 
members  in  which  the  stress  is  tension  when  the  wind  acts 
on  one  side,  and  compression  when  it  acts  on  the  other. 

The  methods  of  calculation  will  now  be  illustrated  by  prac- 
tical examples. 

FIRST    II.I.U STRATI VE    EXAMPIiK 

23.  Data.— The  first  illustrative  example  will  be  the 
truss  shown  in  Fig.  16(a),  the  data  for  which  will  be  assumed 
as  follows: 

Distance  between  trusses ^  =  15  feet 

Span '.../=  60  feet 

Rise r  =  15  feet 

Number  of  panels «=«    8 
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Roofing:  material  .  Slate  on  1-inch  wooden  sheathing 
Dead  load  of  rafters,  purlins, 
and  trusses      ....    10  pounds  per  square  foot 

Snow  load 30  pounds  per  square  foot 

Supports  .    .   Truss  anchored  to  the  tops  of  the  walls 
at  both  ends 

24.  Panel  Jjeugth.. — The  panel  length  p  is  found  by 
the  formula  in  Art.  9.  Since  /  =  60  feet,  r  =  15  feet,  and 
«  =  8,  the  formula  gives 

p  =  ^«>'  +  ^X^^-  =  8.385  feet 

O 

25.  Panel  lioads. — The  panel  load  IV  for  any  loading  is 
found  by  the  formula  in  Art.  16.  In  the  present  case, 
^  =  15  feet  and^  =  8.385  feet. 

1.  Dead  Panel  Load. — The  dead  panel  load  consists  of  the 
weight  of  the  slate,  the  sheathing,  and  the  rafters,  purlins, 
and  trusses.  The  weight  of  the  slate  is  given  in  Art.  13  as 
8  pounds  per  square  foot,  and  the  weight  of  the  sheathing  as 
4  potmds  per  square  foot.  The  weight  of  the  rafters,  pur- 
lins, and  trusses  is  given  in  the  data  as  10  pounds  per  square 
foot.  Then,  the  total  dead  load  a/  is  8  -f  4  -f  10  =  22  pounds 
per  square  foot,  and  for  the  dead  panel  load  W4  we  have 

W^rf  =  22  X  15  X  8.385  =  2,767  pounds 
There  will  be  seven  full  panel  loads  on  the  truss,  and,  in 
addition,  two  half  panel  loads  over  the  supports.     Since  the 
latter  loads  do  not  cause  any  stresses  in  the  members  of  the 
truss,  they  will  not  be  considered  here. 

2.  Snow  Panel  Load, — The  snow  load  is  30  pounds  per 
square  foot.    Then,  for  the  snow  panel  load  Ws,  we  have 

»^,  =  30  X  15  X  8.385  =  3,773  pounds 
8.  Wind  Panel  Load, — Since  the  rise  is  15  feet  and  the 
span  is  60  feet,  the  roof  has  a  pitch  of  i,  or  a  slope  of  1  in  2. 
In  Art.  16,  the  normal  pressure  of  the  wind  on  a  roof  having 
a  slope  of  1  in  2  is  given  as  25  pounds  per  square  foot. 
Then,  denoting  the  wind  panel  load  by  JK., 

JT.  =  25  X  15  X  8.385  =  3,144  pounds 
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There  will  be  three  full  wind  panel  loads,  and,  in  addition, .        ^c  r 
the  two  half  panel  loads  at  the  bottom  and  top,  respectively. 
Since  the  wind  panel  loads  are  inclined,  it  is  well  to  consider 
the  panel  load  over  the  support. 

26.     stresses  Due  to  Dead  and  SnoT^  lioads. — In  this 

example,  it  is  best  to  consider  the  reactions  and  stresses  due 
to  the  vertical  loads  (combined  dead  and  snow  loads)  sepa- 
rately from  those  due  to  the  inclined  loads  (wind  pressure V 
The  dead  panel  load  was  found  in  Art.  25  to  be  2,767  pounds'^ 
and  the  snow  panel  load,  3,773  pounds.     Then,  the  total  vef  • 
tical  panel  load  is  2,767  -f  3,773  =  6,540  pounds.     There  ai^* 
seven  full  panel  loads,  as  shown  in  Fig.  25  (a).     Since  tl^  ^ 
loading  is  symmetrical,  the  reactions  are  equal,  and  each  :^^ 

LX  6.O40  ^  22,890  pounds.     The  stress  diagram  for  th:^^ 
it 

loading  is  shown  in  Fig.  25  (^). 

The  panel  loads  are  laid  off  on  the  line  0-7,  and,  since  th  -^^ 
reactions  are  equal,  the  point  S  is  located  half  way  betwee    ^^^ 
0  and  7.     The  remainder  of  the  diagram  is  constructed,  a  --^^ 
usual,  by  drawing  vectors  in  the  stress  diagram  parallel  t^    "^ 
the  members  in  the  truss. 

It  has  been  explained  in  Graphic  Statics  that,  in  construct  ^^^  ' 
ing  the  stress  diagram  for  a  truss,  it  is  necessary  to  consider       ^' 
one  after  another,  the  joints  at  which  but  two  of  the  stresse^^    ^ 
are  unknown.     In  the  truss  under  consideration,  if  the  dia-^  ^' 
gram  is  started  for  the  joint «,  it  will  be  found  possible  to  con-^^    '' 
struct  it  also  for  the  joints  b  and  B,     At  each  of  the  joints  ( 
and  C  there  will  then  be  three  members  in  which  the  stresses- 
are    unknown,    and    the    stress    diagram   cannot   be    drawn 
directly.     In  this  case,  it  is  customary  to  consider  the  next 
joint  cl  on  the  rafter,  and  to  assume,  temporarily,  the  stress 
in  one  of  the  rafter  members.     This  assumed  stress  is  only 
an  auxiliary  quantity  used  for  the  purposes  of  calculation. 
It  is  known  that  the  point  IS  in  the  stress  diagram  will  lie 
on  a  line  2-13"  throu^^h  2  parallel  to  the  member  cd,  and 
that  the  point  15  lies  in  a  line   through  8  parallel  to  C  C. 
The  stress  in  cd  will  be  temporarily  assumed  equal  to  13'-2p, 
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and  the  polygon  13'-2-3-14'-13'  drawn  for  the  joint  rf.  The 
polygon  13'''14'-15'-12^-13'  is  then  drawn  for  the  joint  D. 
This  locates  the  point  12\  The  stress  in  c  C,  however,  will 
be  represented  by  a  vector  through  the  point  11  parallel 


Pxo.  2& 

to  €  C,  and  point  12  must  lie  on  this  line.  The  actual  location 
of  point  12  is  then  found  by  drawing  the  line  12'-rj,  parallel 
to  13'-2  and  3-14',  to  its  intersection  with  11-12",  the  latter 
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line  being:  parallel  to  c  C.  This  skives  the  stress  in  cC  {11-12) 
and  makes  it  possible  to  complete  the  stress  diagjam  without 
difficulty. 

When  the  loading  is  symmetrical,  the  stress  diag^ram  is 
sometimes  drawn  for  only  one-half  of  the  truss,  but  it  is 
well,  as  in  the  present  case,  to  draw  the  entire  diagram  for 
a  check.  The  stresses  in  the  members  on  one  side  of  the 
center,  as  scaled  from  the  stress  diag^ram,  are  as  follows,  using 
the  plus  sign  for  compression  and  the  minus  sign  for  tension: 

Strbss 
(Pounds) 

+  51,200 

+  48.300 

+  45.300 

+  42,400 

-45,800 

-39,200 

-26,200 

+    5,800 

-  6,500 
+  11,700 

-  6,500 
+    5.800 

-  13,100 

-  19,600 

27.  stresses  Due  to  Wind  Load. — The  wind  panel 
load  was  found  in  Art.  25  to  be  3,144  pounds.  The  load- 
ing on  the  truss  is  shown  in  Fig.  26  (^i).  Since  the  loading  is 
inclined  and  unsymmetrical,  the  reactions  can  be  found  by 
the  graphic  method  with  much  less  work  than  by  the  analytic 
method.  For  convenience  of  reference,  the  same  notation  is 
used  as  in  Fig.  25;  the  forces  -1-5^  5-6,  and  6-7  may  be  taken 
as  zero.  The  loads  are  laid  off  on  the  line  8'-4,  Fig.  26  (b), 
the  pole  P  is  chosen,  and  the  rays  P-8^  and  /M  are  drawn. 
The  resultant  of  all  the  wind  panel  loads  is  equal  to  8'-^, 
and  acts  through  the  center  of  the  left-hand  side  of  the 
rafter;  that  is,  through  the  joint  c,  and  in  the  direction  eg. 


SMBBR 

Vkctor 

ad 

0-  9 

be 

1-10 

cd 

2-13 

de 

3-14 

aB 

8-  9 

BC 

8-11 

CC 

8-15 

bB 

9-10 

Be 

10-11 

eC 

11-12 

cD 

12-13 

dD 

13-14 

CD 

12-15 

De 

14-15 

co/ffcide  m'th/S. 
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The  funicular  gihg  is  drawn,  and  the  reactions  4-^  m^^ 
8-8'  are  found  by  drawing:  the  ray  P-^  parallel  to  the  closi  ^^2 
line  fA.  The  remainder  of  the  work  consists  simply  ^" 
drawing:  the  stress  diag^ram  shown  in  Fig:.  26  (b).  Tl^^ 
points  16,  17,  18,  19,  20^  and  21  are  not  shown  in  the  str^  ^^ 
diagram,  since  they  coincide  with  15.  This  indicates  that  f  ^^^ 
this  loading:  there  are  no  stresses  in  the  web  members  to  tl:=>€ 
rig:ht  of  15.  The  wind  stresses  in  the  members,  as  scal^^ 
from  the  stress  diagram,  are  as  follows: 
Member  VecIor 

abybc,cd^de 

aB 

BC 

CCCB/B'a' 

bB,dD 

Bc,cD 

cC 

CD 

De 

ed^d'd^c'b^^b'a' 

leD'^iy  C\d'D',iyd, 

\       dC,c'B\b'B' 

28.     Total    or   Combined    Stresses. — The    raaxiia.xjflj 
total  stresses  in  the  members*  are  found  by  combining:    tht 
stresses  due  to  the  vertical   loads  with   those  due  to    tht 
inclined  loads.     The  total  combined  stresses  are: 


0-9,  1-10,  2-13,  3-14 

8-9 

8-11 

8-15 

9-10,  13-14 

10-11,  12-13 

11-12 

12-15 

14-15 

4-15 


Stress 
(Pounds-     ) 

+  i4,iocin 

-  15,80C=Z) 
-12,30«I3 

-  5,30MM 
+  3,lCi— 0 

-  3,50—0 
+  6,30i^ 

-  10,5(rZDO 

4-    7,9C_T0 

0 


Stress 

EMBER 

(Pounds) 

ab 

+  65,300 

be 

+  62,400 

cd 

+  59,400 

de 

+  56,500 

aB 

-  61,600 

BC 

-51,500 

CC 

-  31,500 

Mbmbbb 

Stress 
(Pounds) 

bS 

+    8,900 

Be 

-10,000 

cC 

+  18,000 

eD 

-10.000 

dD 

+    8,900 

CD 

-20,100 

De 

-30,100 

It  is  not  necessary  to  find  the  stresses  in  the  members  on 
the  right-hand  side  of  the  center,  as  they  are  the  same  as 
those  in  the  corresponding  members  on  the*  left-hand  side. 
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SECOND  IL.L.U8TBATIVB  KXAMPI.E 

29.  Data. — The  second  illustrative  example  will  be  of 
the  same  s^eneral  type  as  the  truss  shown  in  Fig.  5.  The 
data  will  be  assumed  as  follows: 

Distance  between  trusses      b  ^    22  feet 

Span /  =  100  feet 

Rise r=    20  feet 

Number  of  panels n  ^    10 

Roofing  material     .    .  Corrugated  iron,  no  sheathing 
Dead  load  of  rafters, 
purlins,  and  trusses  .    90  pounds  per  square  foot 

Snow  load 25  pounds  per  square  foot 

Supports  ....  Rollers  at  left  end;  right  end  fixed 
The  outline  of  the  truss  is  shown  in  Fig.  27. 
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80.  Panel  liengrth.— Since  /  =  100  feet,  r  =  20  feet, 
and  n  =  10,  the  formula  of  Art.  9  gives 

=   ^^iOOM^O'  ^  10.77  feet 
^  10 

31.  Panel  lioads. — The  panel  load  W  for  any  loading 
is  given  by  the  formula  in  Art.  16.  In  the  present  case, 
*  =  22  feet  and/  =  10.77  feet. 

1.  Dead  Panel  Load, — The  dead  load  consists  of  the  weight 
of  the  corrugated  iron,  and  the  rafters,  purlins,  and  trusses. 
The  weight  of  the  corrugated  iron  is  given  in  Art.  13  as 
2  pounds  per  square  foot.  The  weight  of  the  rafters,  purlins, 
and  trusses  is  given  in  the  data  as  20  pounds  per  square  foot. 
Then,  the  total  dead  load  is  2  +  20  =  22  pounds  per  square 
foot,  and  for  the  dead  panel  load  Wd  we  have 

W^  ^  22X22  X  10.77  =  5,213  pounds 

There  will  be  nine  full  panel  loads,  and,  in  addition,  two 
half  panel  loads  over  the  supports.     Since  the  latter  lo^ds 
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do  not  cause  any  stresses  in  the  members  of  the  truss,  they 
will  not  be  considered. 

2.  Snow  Panel  Load. — The  snow  load  is  25  pounds  per 
square  foot  (Art.  29).  Then,  for  the  snow  panel  load  Wt 
we  have 

»;  =  25  X  22  X  10.77  =  5,923  pounds 


II-JW 
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3.  Wind  Panel  Load. — Since  the  rise  is  20  feet  and  the 
span  is  100  feet,  the  roof  has  a  i  pitch  or  a  slope  of  1  in  2i. 
In  Art.  15,  the  normal  pressure  of  the  wind  on  a  roof  having 
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a    slope  of  1  in  2i  is  given  as  20  pounds  per  square  foot. 
Xlien,  for  the  wind  panel  load  Ww  we  have 

»;,  =  20  X  22  X  10.77  =  4,739  pounds 
There  will  be  four  full  wind  panel  loads,  and,  in  addition, 
tl^^  two  half  panel  loads  at  the  bottom  and  top,  respectively. 
Sizmce  the  wind  panel  loads  are  inclined,  the  load  over  the 
support  may  cause  stresses  in  the  members  of  the  truss,  and 
it    must  be  considered. 

S2.     Stresses    Dne  to  Dead  and    Snow  Loads. — In 

th.is  example,  it  is  best  to  consider  the  reactions  and  stresses 
<ii:ae  to  the  vertical  loads  (combined  dead  and  snow  loads) 
s^X^arately  from  those  due  to  the  inclined  loads  (wind  pres- 
siaix-e).  The  dead  panel  load  was  found  in  Art.  31  to  be 
S,2 13  pounds;  and  the  snow  panel  load,  5,923  pounds.  Then, 
ttfc^  total  vertical  panel  load  is  5,213  +  5,923  =  11,136  pounds. 
1^b.ere  are  nine  full  panel  loads,  as  shown  in  Fig.  28  (a), 

^^x:^ce  the  loading  is  symmetrical,  each  reaction  is  — 

=*=      60,112  pounds.     The  stress  diagram  for  this  loading  is 

^tfc.^^wn  in  Fig.  28  (6).     The  panel  loads  are  laid  off  on  the 

^^'^^  0-9,  and,  since  the  reactions  are  equal,  the  point  10  is 

^^^^ated  half  way  between  0  and  9, .  The  remainder  of  the 

^^^gram  is  drawn  as  usual,  presenting  no  special  difficulty. 

T^J^is  diagram  is  symmetrical  about  the  line  10-28,  so  that  it 

^^     necessary  to  draw  but  one-half.     For  a  check,  however, 

^^   is  always  advisable  to  draw  the  complete  diagram.     The 

^^x*esses  in  the  members  on  one  side  of  the  center,  as  scaled 

^om  the  stress  diagram,  are  as  follows: 

Stress 
(Pounds) 

+  134,900 
4-  134,900 
4-  119,900 
+  104,900 
+  90,000 

-  125,300 
-111,400 

-  97,400 


Vbctor 

ab 

0-11 

be 

1-12 

ed 

2-14 

de 

3-16 

ef 

4-18 

aB 

10-11 

BC 

10-13 

CD 

10-15 
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mr I .  TTwjT-uLm  Stress 

Hxnn  VICTCA  (POUNDS) 

Z7i?  10-17  -83,500 

EF  10-19  -  69,600 

bB  11-12  +  11,100 

Be  12-13  - 17,800 

r  C  13-14  + 16.700 

C</  14-15  -  21J00 

i/Z>  15-ltf  +  22,300 

De  16-17  -  26,300 

eE  17-18  +27,800 

Ef  18-19  -  31,100 

fF  19-20  0 

33.     Stresses  Dae  to  WSnd  Iioad. — As  it   is  stated 

in  the  data  that  one  end  of  the  tmss  rests  on  rollers,  it  is 
necessary  to  find  the  stresses  both  when  the  wind  blows 
on  the  expansion  end  and  when  the  wind  blows  on  the 
fixed  end.  The  wind  panel  load  was  fi^iven  in  Art.  31  as 
4.739  pounds. 

1 .  IVind  on  Expajisian  End, — The  loading  when  the  wind 
blows  on  the  expansion  end  is  shown  in  Figr.  29  (a).  The 
reaction  at  the  left  end  is  vertical;  that  at  the  right  end  is 
inclined,  and  its  direction  is  found  by  resolving  the  result- 
ant F  oi  the  wind  panel  loads  into  two  components,  one  ver- 
tical and  passing  through  a,  and  the  other  inclined  and 
passing  through  a! .  A  vertical  line  through  a  intersects  the 
resultant  of  the  wind  panel  loads  at  g^  and  the  line  /«' 
gives  the  line  of  action  of  the  reaction  at  a'.  The  wind  panel 
loads  are  laid  off  on  the  line  10^-5,  Fig.  29  {b).  The  magni- 
tudes of  the  reactions  are  found  by  drawing  a  vertical  line 
through  10'  to  its  intersection  with  a  line  through  5  parallel 
to  a' g.  The  stresses  in  the  members  are  found  by  com- 
pleting the  stress  diagram  in  the  usual  way.  Since  the  dia- 
gram is  unsymmetrical,  it  is  necessary  to  draw  it  complete. 
The  stresses  are  as  follows: 
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Member  Vector  /S™*^. 

(Pounds) 

« *  0-11  -h  36,100 

*^  1-12  +38.000 

^^  2-14:  +33,100 

^^  3-16  +  28,100 

^^  4-^«  +23,100 

a  B  10^11  -  32,700 

^  ^  ^^^5  -  26,300 

CD  10^15  «  19  900 

/^^  10-17  -13,500 

\D^C\aB',B*a*)  ^^^^  -    7,200 

^^  ^^-^^  +    6.100 

Be  12^13  -    8,200 

cC  13-u  +    7J00 

C^  U-15  -.  10,000 

^^  15-15  +10,200 

De  16-17  -  12,000 

^^  ^7-15  +12,800 

^/  18^IP  -  14,300 

0 


\D'd\     d'C\    CV, 
\  dB\B'b'         I 


{€',€' d,d'd,c'b\h^  a'  5-19  +  17,200 

2.  H^/w^  ^//  /v.r^^  Awfl^.— The  loading  when  the  wind  blows 
on  the  fixed  end  is  shown  in  Fig.  30  (a).  The  reaction 
at  the  left  end  is  vertical;  that  at  the  right  end  is  inclined, 
and  its  direction  is  found  by  resolving  the  resultant  F  oi  the 
wind  panel  loads  into  two  components,  one  vertical  and 
passing  through  a,  and  the  other  inclined  and  passing 
through  a','  A  vertical  line  through  a  intersects  the  resultant 
of  the  wind  panel  loads  at  gy  and  the  line  ga^  gives  the 
direction  of  the  reaction  at  a'.  The  wind  panel  loads  are 
laid  off  on  the  line  d-lO',  Fig.  30  {b).  The  magnitudes  of 
the  reactions  are  found  by  drawing  a  vertical  line  through  i 
to  its  intersection  with  a  line  through  10'  parallel  to  ga^- 
The  stresses  in  the  members  are  found  by  computing  the 
stress  diagram  in  the  usual  way.     They  are  as  follows: 


Note: 
Points  Oj,Z  awf  3  cotnc/'de  nfitti  4, 
Points  a  /4  A?  M  /5,  t6.  IZ  te  iMd/9 
coincide  t¥ftti  ZOL 


1 
I 

// 

I   / 

// 

/  / 

/  / 
// 
It 
/ 
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Mkmbkb 

Vbctok 

Stkbss 
(Pounds) 

at,  be,  cd,  de,  et 

4-20 

+  17.200 

ibB.Bc.cC.Cd,dD\ 
\    De.cE.  Ei,{F   f 

0 

iaB,   BC.    CD,\ 
\DE,  EF.  FE'J 

70-20 

-16,000 

IE' 

20-21 

-14,300 

E'e' 

21-22 

+  12,800 

try 

22-23 

-12,000 

Lfd" 

23-24 

+  10,200 

d-C 

24-25 

-10,000 

CV 

25-26 

+    7,700 

e'B' 

26-27 

-    8,200 

B'b' 

27-28 

+    5,100 

Ely 

10-22 

-22,300 

D'C 

10-24 

-  28.700 

C'B' 

10-26 

-35,100 

B'a' 

10-28 

-41,500 

fe' 

5-21 

+  23,100 

^iF 

6-23 

+  28,100 

J'c' 

7-25 

+  33,100 

c'b' 

8-27 

+  38,t)00 

b'a! 

9-28 

+  36,100 

34.  Combined  Stresses. — In  order  to  find  the  total 
maximum  stresses  in  the  members,  it  is  advisable  to  tabulate 
the  stresses  due  to  the  different  loadings,  as  shown  lA 
the  table  on  the  next  page.  Column  1  gives  the  members, 
column  2  gives  the  stresses  in  the  members  due  to  the 
vertical  load,  column  3  gives  the  stresses  due  to  the  win<i 
pressure  on  the  expansion  end,  and  column  4  gives  the 
stresses  due  to  the  wind  pressure  on  the  fixed  end.  The 
stresses  given  in  column  5  are  the  sums  of  those  given  in 
columns  2  and  3;  those  given  in  column  6  are  the  sums  of 
those  given  in  columns  2  and  4.  The  stresses  in  column  / 
are  the  maximum  stresses  in  the  members.  They  are  taken 
from  columns  5  and  6,  the  larger  being  taken  in  each  case. 


TABIJE    OF    STRESSES    IN    MEMBERS 


a 

a 

4 

» 

6 

7 

Due  to 
Vertical 

Stre« 
Due  to 

Wind  on 
Expan- 

jiiooBiid 

Stnss 

Due  to 
Wind  on 
PiMd  End 

Total 
Wind  on 

ToUl 

Slrpss 

Wind  on 

Fijted  End 

Kludmum 

T^?tal 
St»« 

b 

H-  134.900 

+  3<^,ioo 

+  t7.3oo 

+  171,000 

+  153,100 

+  171,000 

c 

+  134.900 

+  38,000 

+  17.300 

+  172,900 

+  153^100 

+  172,900 

i 

-hiig^gpo 

+  33'^oo 

+  17,300 

+ 153.000 

+  137^100 

+  1S3.000 

§ 

+  104,900 

+  28,100 

+  17,300 

+ 133.000 

+  122,100 

+ 133.000 

F 

+    90,000 

+  23,100 

+  i7,aoo 

+  113^100 

+  107^200 

+  113,100 

B 

-"S,3oo 

-3^.700 

—  16,060 

— 158,000 

-  141*300 

—  158,000 

C 

-111.400 

-26.300 

—  16,000 

^t37i700 

-127,400 

-137-700 

D 

-   97.400 

19-900 

—  16,000 

-117,300 

-113,400 

-117.300 

B 

-   S5.SOO 

-13-500 

—  16,000 

-  97,000 

-  99-Soo 

-  99-500 

F 

—   69,600 

-   7,200 

—  16,000 

-   76,800 

-   85,600 

-   85,600 

B 

+    11,100 

+   s.ioo 

0 

+    16,200 

+    ir,ioo 

+    i6,aoo 

c 

-    17,800 

-  8,200 

0 

—  26,000 

-    17.800  , 

—   a6.ooo 

r^ 

+    16700 

+    7*700 

0 

+    24.400 

+    16,700 

+    34,400 

d 

—   21,700 

—  10,000 

0 

-  3^700 

—   21,700 

-   31.700 

D 

+    33.JOO 

+ 10,200 

0 

+  33.500 

+   32,300 

+   33.S00 

e 

-   a6joo 

—  ISjOOO 

0 

-  3S.300 

—   26,300 

-  38.300 

E 

+   27,800 

+  i3,aoo 

0 

+  40*600 

+    37,800 

+    40,600 

f 

—  3r,ioo 

-14.300 

0 

-   4S.4O0 

-  31.100 

-  45-400 

F 

0 

0 

0 

0 

0 

0 

^f 

-  3M0O 

0 

-14.300 

-    31-^00 

-  45.400 

-  45.400 

^ 

+    37,800 

0 

+  i2,8oo 

+    27,800 

+   40,600 

+   40,600 

W 

—  a6,3oo 

0 

—  ia,ooo 

-    26,300 

-  3S.300 

-  38*300 

d' 

+   33*300 

0 

+  io,aoo 

+   2a,3oo 

+  33.S00 

+   33,500 

a 

—  aijoo 

0 

—  Jo,ooo 

—  31,700 

-  31.700 

-  30,700 

d 

+   i6joo 

0 

+   7-700 

+   16,700 

+    34,400 

+    34,400 

E* 

"   r7.8«> 

0 

-  S,aoo 

-   17,800 

—   a6,ooo 

—   a  6,000 

b* 

+    ir,ioo 

0 

+    5,100 

+    11,100 

+    16,300 

+    i6,aoo 

E'\ 

~  6g,6oo 

—    7,200 

— 16,000 

-    7<i.8oo 

--  8S-<5oo 

-  85,600 

W 

-  a3.5«> 

—    7.200 

—  22,300 

-  90,700 

- 105,800 

-105,800 

a 

-  97.400 

—   7,aoo 

-  3S700 

—  104,600 

—  136,100 

—  136,100 

B' 

—  1 1  [  ,400 

-    7.300 

-3S>ioo 

—  u  8,600 

— 146.500 

— 146,500 

a' 

-iaS*3«> 

—    7,300 

-41.500 

-13MOO 

-166,800 

-166,800 

e' 

+   90*000 

+  17,300 

+  23,100 

+  107,200 

+  113,100 

+  113.100 

d' 

+  104.900 

+  I7»200 

+  28,100 

+  122, ICO 

+  133.000 

+  133.000 

if 

+  1 19,900 

+  i7.30D 

+  33-100 

+  137,100 

+  153,000 

+ 1531000 

¥ 

+  134.900 

+  17.300 

+  3S.000 

+  iS*.ioo 

+  173.900 

+  173.900 

a' 

+  134,900 

+  17,200 

+  36,100 

+  152,100 

+  171,000 

+  171,000 

136— as 
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It  is  not  necessary  to  find  the  minimum  stresses  in    the 
members  of  roof  trusses,  unless  the  stresses  in  some  of  the 
members  are  reversed  by  the  wind.     The  stress  in  /Fis  given 
as  zero.     This  member  simply  serves  to  support  the  bottom 
chord  at  the  center,  and  is  sometimes  omitted. 


THIRD  IliliUSTRATIVB  EXAMPLE 

35.  Data. — The  third  illustrative  example  will  be  of  the 
same  general  type  as  the  truss  shown  in  Fig.  15.  The  data 
will  be  assumed  as  follows: 

Distance  between  trusses i  =  18  feet 

Span /  =  80  feet 

Rise r  =  20  feet 

Height  of  monitor 11  feet 

Number  of  panels »=    8 

Distance  from  bottom  chord  to  base  of 

columns 30  feet 

Roofing  material  .  .  Concrete  slab  2i  inches  thick 
Vertical  sides  of  monitor  ....  Glass  skylights 
Dead  load  of  rafters, 

purlins,  and  trusses  .    18  pounds  per  square  foot 

Snow  load 30  pounds  per  square  foot 

Supports Columns  fixed  at  the  bottoms 

The  outline  of  the  truss  is  shown  in  Fig.  31. 

36.  Panel  Lenprth.— Since  /  =  80  feet,  r  =  20  feet, 
and  n  =  8,  the  formula  of  Art.  9  gives 

A  =  J^Z+^X^  =  n.l8  feet 

O 

37.  Panel  T^oads. — The  panel  load  IV  for  any  loading 
is  given  by  the  formula  in  Art.  16.  In  the  present  case, 
^  =  18  feet  and;^  =  11.18  feet. 

1.  Dead  Panel  Load, — The  dead  load  consists  of  the 
weight  of  the  concrete  slab,  and  that  of  the  rafters,  purlins, 
and  trusses.  In  addition,  the  weight  of  the  vertical  sides  of 
the  monitor  must  be  considered.  The  weight  of  concrete 
per  square  foot  is  given  in  Art.  13  as  12  pounds  per  inch 
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ot  thickness;  since  the  slab  is  2i  inches  thick,  the  weight  is 
2i  X  12  =  30  pounds  per  square  foot.  The  weight  of  rafters, 
purlins,  and  trusses  is  18  pounds  per  square  foot.  Then,  the 
total  dead  load  on  the 
sloping  portion  is  30 
+  18  =  48  pounds 
Per  square  foot,  and 
for  the  dead  panel 
load  IVd  we  have: 
M^rf  =  48X18X11.18 
=  9,660  pounds 

There  are  full  panel 
loads  of  9,660  pounds 
^t  h,c,g,c!^  and  ^, 
Pig.  32  (a),  and  half 
Panel  loads  of  4,830 
Pounds,  at  a,  d^  e,  ^,  d\  and  a^  Since  the  half  panel  loads 
at^  and  d  (and  the  same  applies  to^  and  d')  are  in  the  same 
straight  line,  they  will  be  considered  together  in  laying  out 
the  force  polygon  as  though  they  were  both  applied  at  e  (^ 
for  the  other  side).  The  half  panel  loads  at  a  and  a^  must  be 
Considered,  since  they  cause  stresses  in  the  columns. 

The  weight  of  the  sides  of  the  monitor  is  8  pounds  per 
square  foot.  (See  Art.  13.)  Then,  for  the  weight  Wm  of 
each  side  per  bay,  we  have 

W«  =  8  X  11  X  18  =  1,584  pounds 

All  this  weight  is  applied  at  d  and  d\  but  in  laying  out 
the  force  polygon  it  is  better  to  consider  it  applied  at  e  and  ^. 

The  effect  of  considering  the  loads  at  d  and  d*  as  applied 
at  e  and  ^,  is  to  make  the  stresses  in  the  verticals  de  and 
^  tf  greater  than  the  actual  stresses  by  the  amount  of  the 
loads  at  d  and  d'.  The  correction  can  easily  be  made  later 
when  the  stresses  are  scaled  from  the  stress  diagram. 

2.     Snow  Panel  Load. — The  snow  load  is  30  pounds  per 
square  foot.     Then,  for  the  snow  panel  load  W,  we  have 
»^,  =  30  X  18  X  11.18  =  6,037  pounds 

There  are  full  panel  loads  at  b,  c,  g,  dy  and  y,  and  half 
panel  loads  at  a,  d^  c^  tf,  d\  and  a^     The  half  panel  loads  at 
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( z:id  c  ir'  and  iT)  will  be  consiccrec  tos-ct'-r?  ?>  ?'■'"  i*- . 

loads  at  <■  (r)  in  laying  out  the  force  p^'y^  "^       'I  •  •  -^^    ?  •.. 

saow  load  on  the  sides  of  the  moailcr. 

0.    JVind  Panel  Load. — Since  the  rise  ■■>  'J*'  ^» » t  :.•  •■  «'•.•  r^.*.. 
is  S*''  feet,  the  roof  has  a  i  pitch  or  a  ^  •;»:••    <     •    '/       t*, 
Art.  15,  the  normal  pressure  on  a  ro<.»f  haw  ^^^  .-.:......  j  i  ...  v 

is  f  iven  as  2o  pounds  per  square  f'^ct.     '!?.« ■     ••  •  «i.t    x^  ...^ 
■panel  load  If  m  on  the  inclineJ  port*.'  :.  ^  *  tr.i   •-  .  ••    ^^,   ;,,. v, 

ir;  =  25  X  isx  11.1^  =  '»/'M  : — : 

There  are  full  panel  loads  at  b  and  «-.  :*t...  t.;.  »  ^  ;..  .     ..  .,,u 

^aj.e,  and^. 
In  addition  to  the  above,  the  wincl  j.Trrrn'f   ...  li. 

sides  of  the  monitor  and  the  bui'.d'.nj:  w  *.  u  ....,., .;      r, 

is  customary  to  considerlhispressuT»r  :*•.  t.^-iy.-.  i.. ,... 

to 40 pounds  per  square  foot.     The  t^  !«:»•»•::  .i..   . 

ot  one  side  of  the  monitor  is  40  /  V^  /   w  ''V    

one-half  of  which,  3.960  pounds.  TTi;<y  t-r  t:.;.  .    :-......!,.. 

joints r  and  d.     The  total  pressure  "*.-•«    -  ..^   .  \ , 

side  of  the  building  is  40  X  IX  /  -''       vi  f.'if- 

half  of  which,  10,800  pounds.  in;»y  K»   •;  n  •      .     

38.     Stresses  Due  to  Ilcud  firi<l  i'r.'.'k^   r  .  ...i  • 

example,  as  in  those  preceding'.  »►':•■'  

cal  loads  will  be  treated  sc.'p;.-:.»«   v  • 

inclined  loads.     The  verii'.al  *'/: '  ■    : 

the  truss  are  shown  in  Y\z-  -'^  '"  '    -    •        / 

and  a'  are  the  sum  of  the  •  •  o  /.   :    •  * 

due  to  the  weight  of  corj^.r'  ?'-:•: 

loads  at  e  and  ^  include  t;  *-.•*:•  •    

Since  the  loading  is  symrr  «.»•-:      

In  the  present  case  of  \*r*  ■  ■  

assume  that  the  stresses  :-,  .^ //:• '    /  •   ,.  .. 

The  stress  diagram  is  ■,'.>•/•  y     / 

in  the  same  way  as  tho::;;'.  ••  *   ••         » •  .      •    • 

at  a  and  a\  the  members  y1  /:  --  -   /:  -     m 

panel  loads  are  laid  off  '.-  *- ':      -  -  '.  '^ 

tions  are  equal,  the  lyyrr  /o    =    -  • : /   " 

andP.    The  stress  diagri--  '.*-.  -/•  '.'-  '•  *  •  •    "  '     ••'  " 
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without  difficulty.  It  is  then  necessary  to  consider  joint  g^ 
then  e  and  ^,  and  then  d.  At  the  latter  joint,  the  stress 
in  ^/  is  temporarily  assumed  equal  to  19-lT,  and  the  dia- 
gram W-iy'-ie'S-lO  is  drawn  in  dotted  lines  for  the  joints  d; 
joint  D  is  then  considered,  and  the  diagram  le'-iy^-ld'-lS^-lG' 
drawn  in  dotted  lines.  The  point  14  has  already  been  found, 
and  it  is  known  that  15  lies  on  a  line  14-15*'  passing 
through  14  and  parallel  to  c  C  The  point  15  is  then  found  by 
drawing  15-15'  parallel  to  3-16'  to  its  intersection  15  with 
14-15".  The  remainder  of  the  stress  diagram  can  now  be 
drawn  without  further  difficulty.  The  stresses  in  ^^  and  ^^, 
as  indicated  by  the  stress  diagram,  are  each  too  large  by 
9,430  pounds,  on  account  of  the  loads  at  d  and  d'  having 
been  considered  as  applied  at  e  and  e'. 

The  stresses  in  the  members  on  one  side  of  the  center,  as 
scaled  from  the  stress  diagram,  are  as  follows: 

%#«••«»«•»  xT'w*^,^^^  Strkss 


SMBBR 

VSCTOK 

(Pounds) 

EA 

10-    0 

+    64,400 

Aa 

10-    0 

+    64,400 

AB 

10-11 

0 

ab 

1-12 

+  126,400 

be 

2-13 

+  126,400 

cd 

3-16 

+  147,500 

d{ 

19-17 

+  147,500 

ie 

19-20 

-    18,300 

de 

(34,500  -  9,400 

3-19 

+    25,100) 

eg 

4-20 

+    17,600 

aB 

11-12 

-  113,100 

BC 

10-14 

-    97,400 

CF 

10-18 

-    56,500 

bB 

12-13 

+    15,700 

Be 

13-14 

-    22,200 

eC 

14-15 

+    40,800 

eD 

15-16 

-    34,600 

CD 

15-18 

-    57,700 

dD 

16-17 

+    34,600 

D{ 

17-18 

-  106,600 

iF 

18-23 

0 
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t9.  stresses  Dae  to  Wind  lioad. — The  diagram  of  the 
ss  and  the  wind  loads  is  shown  in  Fig:.  33  (a).  At  joint  a 
re  is  a  horizontal  pressure  of  10,800  pounds  due  to  the 
ssure  as^ainst  the  side  of  the  building:,  and  also  the 
ined  pressure  of  ^^^  pounds,  due  to  the  normal  pressure 
the  roof.  At  joints  d  and  c  there  are  full  inclined  panel 
is  of  5,031  pounds,  due  to  the  normal  pressure  on  the 
f ,    At  d  and  e  there  are  inclined  panel  loads  of  ^V^  pounds 

to  the  normal  pressure  on  the  roof,  and  horizontal  pres- 
BS  of  3,960  pounds  due  to  the  pressure  against  the  side  of 

monitor.  At  the  peak  ^  there  is  an  inclined  pressure 
*^^  pounds.  The  forces  shown  in  dotted  lines  will  be 
ilained  later. 

10.  In  finding  the  reactions,  it  is  necessary  to  consider 
condition  of  the  columns  at  E  and  E',  In  Art.  35,  it  is 
ted  that  the  columns  are  fixed  at  the  bottoms,  so  that 
nts  of  inflection  may  be  assumed  at  t  and  i\  half  way 
ween  A  and  E,  A'  and  E'y  respectively.  The  reactions  at  / 
I  i^  will  be  inclined,  and  it  is  impossible  to  determine  their 
3ctions  except  by  means  of  some  arbitrary  assumption  con- 
ning the  distribution  of  the  forces  between  /  and  /'.  In 
ctice  it  is  frequently  assumed  that  the  horizontal  com- 
ment of  each  reaction  is  equal  to  one-half  the  sum  of  the 
izontal  components  of  the  wind  forces.  This  assumption 
bably  gives  the  reactions  as  close  to  their  actual  values  as 
•  other  assumption  that  can  be  made.  It  becomes  neces- 
y,  therefore,  to  find  the  resultant  of  all  the  wind  forces, 
I  then  to  resolve  it  into  two  components,  one  passing 
DUgh  /  and  one  passing  through  i\  their  horizontal  com- 
lents  being  equal  to  each  other. 

?he  force  polygon  0-l-2-'3^-'5'^-7-8-'9,  Fig.  33  (b), 
5rst  laid  out  in  a  convenient  position,  the  first  point,  (?, 
ng  located  for  convenience  on  the  line  it'  connecting  the 
nts  /  and  /'.  The  point  P  is  then  chosen  for  a  pole,  and 
located  arbitrarily,  to  simplify  the  work,  on  a  horizontal 
5  through  the  last  point,  9,  of  the  force  polygon.  The 
s  P-0,  P'2,  PS,  P-^,  P'6,  PS,  and  PS  are  now  drawn. 
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The  ray  /'-I  is  left  out  because  the  dotted  line  0-2  in  the 
force  polygon  and  ja  in  the  space  diagram  represent  the 
resultant  of  the  forces  0-1  and  1-2,  and  this  resultant  can  be 
considered  instead  of  its  two  components.     In  like  manner, 
the  force  4-6  in  the  force  polygon  and  m^  in  the  space 
diagram  may  be  considered  instead  of  the  two  components 
4-5  and  5-6;  the  resultant  f  n  may  be  considered  instead  of 
6-7  and  7-8.     The  line  0-9,  Fig.  33  (b),  gives  the  magnitude 
of  the  resultant  of  all  the  wind  forces;  the  intersection  q  of 
the   end   strings   of    the  funicular   qj klmnpq,   drawn  in 
the  usual  way,  gives  a  point  in  the  line  of  action  of  the 
resultant.     A  line  is  then  drawn  through  q  parallel  to  0-9 
to  represent  the  resultant.     The  vertical  and  horizontal  com- 
ponents of  0-9  are  given  by  0-s  and  ^9,  Fig.  33  {b).    The 
point  9*'y  half  way  between  s  and  9,.  divides  the  horizontal 
component  of  0-9  into  two  equal  parts,  each  of  which  is  equal 
to  the  horizontal  component  of  one  of  the  reactions. 

41.  The  vertical  components  of  the  reactions  are  found 
by  considering  the  resultant  /^resolved  into  its  vertical  and 
horizontal  components  at  /,  the  intersection  of  its  line  of 
action  with  //'.  The  vertical  component  0-s  is  laid  off 
on  A Ey  vertically  below  /,  so  that  /«  =  0-s,  The  linear', 
the  vertical  tv,  and  horizontal  vv'  are  then  drawn.  Thenwz^ 
is  the  vertical  component  of  the  reaction  at  i\  and  z/  i  is  the 
vertical  component  of  the  reaction  at  i.  The  point  lOy  where 
a  vertical  through  9"  intersects  z/  z/,  is  a  point  on  the  lines  in 
the  force  polygon  that  represent  the  reactions.  Drawing  the 
lines  9-10  and  10-0,  the  magnitudes  and  directions  of  the 
reactions  are  found.  The  lines  of  action  of  the  reactions  are 
then  found  by  drawing  ir  through  i  parallel  to  10-0,  and  ir 
through  /'  parallel  to  9-10,  The  lines  ir  and  i' r  should 
intersect  on  the  line  of  action  of  the  resultant.  This  is  a 
very  good  check  on  the  work  thus  far. 

The  vertical  components  of  the  reactions  cause  direct 
stresses  in  the  columns.  The  horizontal  components  of  the 
reactions  cause  bending  moments  and  shearing  stresses  in 
the  columns. 
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42.    In  order  to  find  the  stresses  in  the  members  of  the 
tK-Y3ss  by  the  method  of  the  stress  diagram,  it  is  necessary 
to  treat  the  shearinsf  stresses  in  the  posts  or  columns  a  i  and 
m:^  i  as  external  forces  applied  at  the  joints  a,  A,  a^  and  A'. 
X^o  find  the  values  of  these  shearinsf  stresses,  vertical  lines 
\  drawn  throus:h  s  and  9",  Fig.  33  (^),  the  line  $-9"  repre- 
anting  the  horizontal  component  of  the  reaction  at  f .     The 
Une  drawn  through  s  intersects    a  horizontal   line  drawn 
tliToagh  A  at  the  point  /;    the  line  through  9"  intersects 
&    horizontal    line  drawn   [through  a,   which   in   this  case 
coincides   with   the   chord   of  the  truss,   at  the   point   w. 
'I'he  line  «^/  is  then  drawn  and  continued  to  the  point  l(y\ 
its    intersection   with    ii'.    Then,  lO^'-O,    equal    to   13,860 
pounds,  is  equal  to  the  shear  in  a  A  (and  also  in  a'  A')  and 
Qiay  be  represented  as  an  external  force  acting  at  a  (and 
also  at  a'),  as  shown  by  the  dotted  lines  in  the  figure.     The 
shear  in  lA^  equal  to  13,860  pounds,  is  equal  to  iO'-O;  then, 
^e   horizontal  force  acting  at  the  joint  A  due  to  the  shears 
^  uA  and  At  is  equal  to  the  sum  of  these  shears,  which  is 
*^  »720  pounds.   This  may  be  treated  as  an  external  force  acting 
^^  ^  {andA'),as  shown  by  dotted  lines.    Those  portions  of  the 
^^lumns  that  lie  below  A  and  A' can  be  assumed  to  be  removed 
^d  the  direct  stresses  in  them  represented  by  the  vertical 
^^temal  forces  shown  at  A  and  A'.    The  force  polygon  for  the 
External  forces,  including  the  forces  shown  in  dotted  lines  at 
a.  A,  a',  and  A',  is  10-'l(y'W-0-l'2^'4'5-6''7'^-9-9'-9''-10, 
J'ig.  33  (b).    The  stress  diagram  can  now  be  drawn  in  the 
Usual  way,  ignoring  the  reaction  at  i  and  /^  and  considering 
the  parts  iE  and  i'  E'  of  the  posts  to  be  removed.     It  is 
not  necessary  to  draw  the  stress  diagram  for  wind  load  when 
the  wind  is  blowing  on  the  right  of  the  truss;  for  it  is  obvious 
that  when  the  wind  blows  from  the  right,  the  stress  in  any 
member  is  the  same  as  the  stress  in  the  corresponding  mem- 
ber on  the  other  side  of  the  center  when  the  wind  blows  from 
the  left.     The  stresses  in  the  members,  when  the  wind  is 
blowing  from  the  left,  have  the  values  given  in  the  table  on 
page  38,  these  values  having  been  scaled,  as  usual,  from  the 
stress  diagram. 
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BMBBR 

Vector 

Stress 

(POCMDS) 

ab 

2-12 

+  63.900 

be 

3-13 

+  66,400 

cd 

4-16 

+  38.200 

dt 

19-17 

+  43,900 

ie 

19-20 

+    4.000 

eg 

8-20 

+    1,900 

AB 

10-11 

-39,200 

bB 

12-13 

+    5.600 

Be 

13-14 

-47.200 

eC 

14-15 

+  25.200 

eD 

15-16 

-    5,800 

CD 

15-18 

-  35.700 

Di 

17-18 

-43,900 

dD 

16-17 

+    5.800 

ed 

6-19 

+    1.100 

aB 

11-12 

-31,400 

BC 

10-14 

-  25,700 

CF 

10-18 

-       500 

FC 

10-23 

-       500 

C'B' 

10-26 

+  11,800 

B'a> 

28-29 

+  11,800 

d'e> 

21-  9 

+    3.100 

d>  ly 

22-24 

+    3.100 

D'f 

22-23 

+  13,000 

c  ly 

23-25 

+  17,400 

€>  ry 

24-25 

-    3,100 

dC 

25-26 

-  12,300 

B'c' 

26-27 

+  39,200 

b'  B' 

27-28 

0 

A'B' 

10-29 

+  39,200 

^g 

20-  9 

+    3,100 

fe' 

20-21 

-    3,300 

d'  { 

21-22 

+    5,800 

c'd> 

9-24 

+    5.800 

b'c' 

9-27 

-  28,700 

b'a' 

9-28 

-  28,700 

EA' 

10-10' 

+    3,100 

Aa 

10"-11 

+  30.800 

E'A' 

9"-10 

+  14,900 

A' a' 

9'-29 

-12,800 

fF 

18-23 

0 
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43.  Combined  Stresses. — The  combined  stresses  are 
ven  in  the  table  on  page  40.  In  column  2  are  s^iven  the 
resses  due  to  vertical  loads,  as  found  in  Art.  38.  In 
4umn  3  are  given  the  stresses  in  all  the  members  due  to 
ind  on  the  left,  as  found  in  Art.  42,  The  combined  or 
»tal  stresses  in  the  members  when  the  wind  blows  from  the 
•ft  are  given  in  column  4;  they  are  found  by  adding  alge- 
raically  for  each  member  the  stresses  given  for  that  member 
Q  columns  2  and  3.  The  combined  or  total  stresses  in  the 
oembers  when  the  wind  blows  from  the  right  are  given  in 
olumn  5;  they  are  found  by  taking  for  each  member  the 
tress  given  in  column  4  for  the  corresponding  member  on 
le  other  side  of  the  center.  The  maximum  and  minimum 
Dmbined  stresses  are  given  in  column  6;  the  former  are 
rinted  in  heavy  type  for  the  members  on  the  left  of  the 
snter;  the  latter  are  printed  in  ordinary  type  for  the  mem- 
ers  on  the  right  of  the  center.  The  maximum  stresses, 
iven  in  column  6  for  the  members  on  the  left  of  the  center, 
re  the  same  for  corresponding  members  on  the  right  of  the 
snter;  so  it  is  necessary  to  give  them  but  once.  The  same 
tatement  is  true  as  regards  the  minimum  stresses. 


EXAMPLES    FOR    PRACTICE 

1.  A  truss  having  the  form  shown  in  Fig.  1  has  a  span  of  20  feet 
id  a  rise  of  5  feet.  If  the  trusses  are  8  feet  apart,  and  the  dead  load 
40  lb.  pec  square  foot,  what  is  the  dead-load  stress  in  a  c? 

Ans.  —3,6001b. 

2.  A  truss  having  the  form  shown  in  Fig.  2  has  a  span  of  30  feet 
id  a  rise  of  6  feet.  If  the  trusses  are  10  feet  apart,  and  the  ends  are 
ced  at  the  tops  of  both  walls,  what  is  the  wind  stress  in  dc  when  the 
ind  is  coming  from  the  left?  Ans.  +  2,300  lb. 

3.  A  truss  having  the  form  shown  in  Fig.  3  has  a  span  of  36  feet  and 
rise  of  12  feet.  If  the  trusses  are  9  feet  apart,  and  the  left  end  of 
ich  truss  rests  on  rollers,  what  is  the  wind  stress  in  a  ^  when  the  wind 

blowing  on  the  left  side  of  the  truss?  Ans.  —  2,000  lb. 

4.  What  is  the  wind  stress  in  a  ^  in  the  truss  described  in  example  3, 
hen  the  wind  is  blowing  on  the  right  side  of  the  truss? 

Ans.  -2,600  1b. 


TABUE    OF    8TRE88X8 

(Pounds) 


1 

8 

8 

4 

5 

6 

Stress  Due 

to  Vertical 

Loads 

Stress 

Combined 

Combined 

Maximum 

Mem- 
ber 

Due  to 

Wind  on 

Uft 

Stress 

Wind  on 

Uft 

Stress 

Wind  on 

Right 

or 

Minimum 

Combined 

Stress 

ab 

+  126,400 

+  63,900 

+  190,300 

+    97.700 

+  1»0.S(II 

be 

+  126,400 

+  66,400 

+ 192,800 

+    97.700 

+  l»t.80l 

cd 

+  147.500 

+  38.200 

+  185,700 

+  153.300 

+  18ft,7M 

df 

+ 147.500 

+  43.900 

+  191.400 

+  153.300 

+  Itl.lOI 

fe 

-    18,300 

+    4.000 

-    14.300 

—    21,600 

-   tl.MI 

eg 

+    17,600 

+    1.900 

+    19.500 

+    20,700 

+    ii.7H 

AB 

0 

-39,200 

-   39.200 

+    39.200 

+   IMII 

bB 

+    15.700 

+  s,6oo 

+    21,300 

+    15.700 

+   iMH 

Be 

—    22,200 

-47,200 

-   69,400 

+    17.000 

-   69.4H 

cC 

+   40,800 

+  25,200 

+   66,000 

+    28,500 

+    6«,9M 

cD 

-   34.600 

-  5,800 

-   40,400 

-    37.700 

-    4t,4M 

CD 

-   57.700 

-35.700 

-   93.400 

-    40.300 

-    9S.4M 

Df 

— 106,600 

-43.900 

—  150,500 

-   93.600 

-  I69,&M 

dD 

+    34,600 

+   5,800 

+    40,400 

+    37.700 

+    49,4M 

ed 

+    25.100 

+    1,100 

+    26,200 

+    28.200 

+    t8.SI9 

aB 

-113,100 

-31.400 

- 144.500 

—  101,300 

-  144,6M 

BC 

-   97.400 

-25.700 

-123,100 

-   85.600 

-  It8,19f 

C  F 

-    56,500 

-      500 

-   57,000 

-    57.000 

-    &7.000 

FT 

-    56.500 

-      500 

-   57.000 

-    57.000 

-    56.500 

r  B' 

-   97.400 

+  11,800 

-   85,600 

-123,100 

-    85.600 

B'  a' 

—  113,100 

+  11,800 

—  101,300 

-144,500 

—  101.300 

d'  c' 

+    25,100 

+   3,100 

+    28,200 

+    26,200 

+    25,100 

d'  rr 

+    34.600 

+   3.100 

+    37.700 

+    40,400 

+    34.600 

irf 

—  106,600 

+  13,000 

-   93.600 

-  150,500 

-    93.600 

CD' 

-    57.700 

+  17,400 

—   40,300 

-   93.400 

-    40,300 

c'  D' 

-    34.600 

-  3,100 

-   37.700 

—    40,400 

-    34.600 

c'C 

+    40,800 

-12,300 

+    28,500 

+    66,000 

+    28,500 

B'  c' 

—    22,200 

+  39,200 

+    17,000 

-    69,400 

+    17,000 

h'  B' 

+    15.700 

0 

+    15.700 

+    21,300 

+    15.700 

Anv 

0 

+  39,200 

+   39.200 

-    39,200 

-    39.200 

c'g 

+    17,600 

+   3.100 

+    20.700 

+    19,500 

+    17,600 

fe' 

—    18.300 

-  3.300 

—    21,600 

-    14,300 

-    14.300 

d'f 

+  147.500 

+   5.800 

+  153.300 

+  191,400 

+  147.500 

c'd' 

+  147,500 

+    5.800 

+  153.300 

+  185,700 

+  147.500 

b'c' 

+  126,400 

—  28,700 

+    97.700 

+  192,800 

+    97.700 

b'a' 

+  126.400 

—  28,700 

+   97.700 

+  190,300 

+    97.700 

EA 

+    64.400 

+   3.100 

+    67,500 

+    79.300 

+    79.800 

A  a 

+    64.400 

+  30,800 

+    95.200 

+    51,600 

+    86,800 

E'  A' 

+    64,400 

+  14.900 

+    79.300 

+    67,500 

+    64,400 

A' a' 

+    64,400 

-12,800 

+    5^600 

+   95.200 

+    51.600 

fF 

0 

0 

0 

0 

0 
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DESIGN 


TRUSSES  AND  liATERAL  SYSTEMS 

44.    Kinds  of  Trasses. — Roof  trusses  are  made  of  wood 

and  of  steel.     The  kind  of  material  used  depends  on  the 

particular  conditions  in  each  case.     In  temporary  buildings, 

and  in  buildings  that  are  not  required  to  be  fireproof,  wooden 

^nsses  may  be  used.     In  all  permanent  work  of  any  impor- 

^ce,  and  in  all  fireproof  buildings,  steel  trusses  are  used. 

Riveted  trusses  are  used  for  short  spans,  less  than  75  to 

^00  feet,  and  pin-connected  trusses  for  long  spans,  greater 

^^n  75  to  100  feet.     The  dividing  line  between  these  two 

^^Qds  of  trusses  is  not  so  clearly  defined  in  the  case  of  roof 

*^sses  as  in  the  case  of  bridge  trusses.     In  general,  riveted 

^Hisses   are  preferable  when  the  stresses   in  some  of   the 

^embers  are  reversed  by  the  wind. 

45.  Working:  Stresses. — The  allowable  or  working 
stresses  for  steel  roof  trusses  are  th.e  same  as  those  given  for 
highway  bridges  in  Bridge  Specifications,  The  working 
stresses  for  wooden  roof  trusses  are  the  same  as  those 
given  in   Wooden  Bridges, 

46.  Deslg^n  of  Main  Members. — The  same  general 
types  of  members  are  used  for  roof  trusses  as  for  bridge 
trusses.  In  addition,  loop-welded  rods  are  sometimes  used 
for  main  members.  The  principal  difference  lies  in  the  fact 
that,  as  the  stresses  in  the  members  of  roof  trusses  are,  as  a 
rule,  less  than  the  stresses  in  the  members  of  bridge  trusses, 
the  members  in  the  former  are  smaller  than  in  the  latter. 
For  this  reason,  roof  trusses  are  much  narrower  than  bridge 
trusses,  and  in  the  shorter  spans,  the  web  members  are 
connected  to  the  chord  and  rafter  by  means  of  one  web 
connection  plate  instead  of  two.  The  principles  that  govern 
the  design  of  the  main  members  of  roof  trusses  are  the 
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same  as  those  that  have  been  illustrated  and  explained  va 
connection  with  bridge  design. 

47.  liateral  Systems. — Roof  trusses  are  connected  by 
lateral  bracing  in  the  planes  of  the  rafters,  by  transverse 
bracing  between  the  trusses  in  vertical  planes  or  at  right 
angles  to  the  rafters,  and  in  some  cases  by  lateral  bvzmg 
in  the  plane  of  the  rafters.  The  same  general  style  oi 
bracing  is  used  as  for  bridge  trusses;  but,  there  being:* 
as  a  rule,  more  roof  trusses  in  a  roof  than  bridge  trussed 
in  a  bridge,  the  arrangement  of  the  lateral  systems  is  some' 
what  different. 

It  is  customary  to  insert  lateral  trusses  in  each  end  bay, 
and  also  in  every  second  or  third  intermediate  bay  through' 
out  the  length  of  the  building,  as  shown  in  Fig.  34.    The 
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figure  is  the  plan  of  the  roof  of  a  building:  A  A'  and  ^^  are 
the  end  trusses,  and  CC  are  the  intermediate  trusses.  The 
purlins  A  B,  D  D\  and  A'  B'  run  the  entire  length  of  the 
building,  being  spliced  at  each  truss,  or  at  every  other  truss. 
The  common  rafters  that  run  at  right  angles  to  the  purlins 
are  not  shown  in  the  figure.  The  end  bays  and  every  second 
bay  throughout  the  building  are  supplied  with  lateral  trusses. 
The  lateral  truss  in  each  end  bay  is  designed  to  resist  the 
wind  pressure  on  that  end  of  the  building;  the  other  lateral 
trusses  are  then  made  the  same  as  those  in  the  end  bays. 
Lateral  and  loop-welded  rods  are  frequently  used  for  the 
diagonals  of  lateral  systems  of  roofs. 
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CONNECTIONS 


WOODEN    TRUSSES 

48.  Rafter  Joints. — Figs.  35  to  40  show  typical  joints 
for  the  rafters  of  wooden  trusses.  In  Fig.  35,  the  purlin, 
shown  in  cross-section,  is  placed  on  top  of  the  rafter  and 
at  right  angles  to  it.  Both  the  purlin  and  rafter  are  framed 
where  they  connect.  The  purlin  is  held  in  position  by  the. 
inclined  brace  a.  The  vertical  rod  b  passes  through  the 
rafter's,  and  the  strut  c  is  cut  at  the  end  to  fit  into  a  shoulder 
cut  in  the  bottom  of  the  rafter. 

In  Fig.  86,  the  purlin  is  attached  to  the  rafters  by  means  of 
the  beam  hanger  b.  The  inclined  strut  c  is  connected  to  the 
casting  a  that  bears  against  the  rafter.  In  Fig.  37,  a  wooden 
block  a  is  inserted  in  the  bottom  of  the  rafter,  and  the  inclined 
strut  c  is  connected  to  it  by  means  of  the  bolt  b.  The  end 
of  the  strut  fits  into  a  triangular  hole  cut  in  the  block. 

In  Figs.  38  and  39,  the  purlins  are  not  shown;  these  figures 
show  methods  of  providing  a  greater  bearing  area  for  the 
upper  ends  of  the  vertical  rods  and  inclined  struts  by  means 
of  plates  and  castings. 

Fig.  40  shows  the  connection  when  the  rod  is  inclined  and 
the  strut  is  vertical.  In  this  figure,  the  purlin  is  shown 
vertical,  and  one  side  of  it  is  in  contact  with  the  casting  b 
that  provides  a  bearing  for  the  inclined  rod  a. 

49.  Peak  Joint. — The  joint  at  the  top  of  a  roof  truss 
is  usually  called  the  peak  Joint.  Figs.  41  to  45  show 
several  peak  joints.  In  Fig.  41^  the  rod  c  passes  between 
the  ends  of  the  two  rafters  a  and  b)  the  plate  d  provides 
a  bearing  for  the  end  of  the  rod.  In  Fig.  42,  the  plates  a 
are  bolted  to  the  sides  of  the  rafter  sticks  to  assist  in 
holding  them  in  place.  In  Fig.  43,  the  upper  ends  of  the 
rafter  members  are  cut  off  square  and  bear  on  a  casting  a. 
The  rods  (two  in  this  case)  pass  through  flanges  in  the 
casting,  and  are  held  in  place  by  the  nuts  b.     The  chair  or 
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shelf  c  is  for  the  purpose  of  supporting:  the  ends  of  the 
purlins.     Fig.  44  shows  another  method  of  connecting  the 

tension  rods  and 
compression  mem- 
bers; in  the  form  of 
connection  here  rep- 
resented, gussets  or 
connection  plates  a 
are  bolted  to  the  sides 
of  the  rafter  sticks, 
and  the  inclined 
rods  b  are  connected 
Fio.  46  to  them  by  means  of 

pins  r,  which  pass  through  the  gussets.  The  vertical  rod 
passes  through  the  sticks,  and  bears  on  the  plate  d  in  the 
same  way  as  in 
Fig.  41.  In  the  con- 
nection shown  in 
Fig.  45,  the  rafter 
sticks  bear  against 
the  casting  a,  and  the 
inclined  rods  con- 
nect to  the  pin  b  that 
passes  through  the 
casting.  The  vertical 
rod  is  connected  by 
a  pin  r  to  a  projection  on  the  casting  at  the  bottom. 
50,  Chord  Joints. — Figs.  46  and  47  show  the  connec- 
tions of  a  vertical  rod, 
two  inclined  struts, 
and  the  chord.  The 
blocks  c  are  set  into 
the  top  of  the  chord 
and  beveled  on  the 
ends  to  give  the 
struts  a  square  bear- 
ing.    The    dowels 
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shown  in  Fig.  47  are  sometimes  omitted. 
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SI.  Heel  Joints. — The  end  joint  of  a  roof  truss,  where 
the  rafter  and  the  chord  connect,  is  sometimes  called  the 
heel.  Fis:-  48  shows  the  simplest  form  of  heel  joint.  Fis:.  49 
shows  a  very  gfood  joint  where  the  inclined  member  is 
composed  of  two 
sticks.  Both  the  in- 
clined sticks  and  the 
horizontal  chord  are 
cut  away  so  as  to 
form  shoulders,  and 
the  ends  of  the  sticks 
are  bolted  together. 

Fig.  50  shows  a  ^'®  *» 

form  of  heel  joint  that  is  used  when  the  roof  has  a  flat  slope 
and  it  is  not  desired  to  cut  too  much  into  the  end  of  the  chord. 


Pl6.  00 


The  castinfi:  dd  is  fitted  and  bolted  to  the  top  of  the  chord, 
and  provides  a  bearing  for  the  inclined  stick.  A  short  piece 
of  timber  c  is  bolted  and  keyed  to  the  bottom  of  the  chord  by 
the  bolts  a  and  the  keys  ^,  k.    The  bolt  ^  is  not  assumed  to 
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transmit  any  stress;  it  is  simply  for  the  purpose  of  holding 
the  lower  end  of  the  inclined  member  in  place. 


Pio.  51 

The  joint  shown  in  Figf.  61  is  somewhat  similar  to  that 
shown  in  Fig.  60;  but  the  method  of  providing  a  bearing  for 

the  rafter  is  different. 
In  Fig.  51,  the  purlins 
is  shown  on  top  of  the 
rafter  d;  the  common 
rafter  c  with  the  roof 
covering  d  is  on  top  of 
the  purlins. 

52.     Combination 
Chord  Joint.— Fig.  52 

\fpfaf9  shows  a  chord  joint  of  a 

P»®-  ^2  truss  in  which  the  com- 

pression members  are  wood  and  the  tension  members  steel. 
Pin  plates  a  are  bolted  on  the  sides  of  the  stick  *,  and  the 
ends  of  all  the  members  are  connected  by  the  pin  r. 
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8TBEL    TRUSSES 

53.  Rafter  Joint. — Fis:s.  53  to  57  show  rafter  joints 
of  steel  roof  trusses.  In  Pis:.  53,  a  wooden  purlin  is 
shown  in  cross-section;  it  is  held  in  place  by  the  bracket  a. 


The  rafter  in  this  case  consists  of  a  single  web  b  and 
two  top  flange  angles  c.  The  web  members  are  riveted 
directly  to  the  web-plate,  and  there  is  no  need  of  a  gusset. 

Fig.  54  shows  the  method 
of  connecting  a  steel  purlin  a 
to  the  rafter  by  means  of  the 


Pxo.  M  Pig.  55 

connection  angle  b.  This  figure  also  shows  the  wooden  com- 
mon  rafter  c  on  top  of  the  purlin,  held  in  place  by  the  steel 
dip  d.  Fig.  55  shows  another  method  of  connecting  a  pur- 
lin a  to  the  truss^  In  this  case,  a  gusset  b  is  used  for  the 
connection  of  the  web  members  to  the  rafter.     In  Fig.  56, 
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the  purlin  a  is  shown  vertical,  and  the  common  rafter  b  h  con- 
nected to  it  by  means  of  a  clip. 

Fig.  57  is  a  rafter  joint  in  a  pin-connected  truss.    Both 

the  rafter  and  the  compres- 
sion web  member  are  com- 
posed of  two  channels.  The 
rafter  is  spliced  at  this  joint, 
beinc:  cut  at  the  center  of  the 
pin.  This  splice  is  simply  for 
the  purpose  of  decreasing  the 
length  of  the  rafter  pieces,  so 
that  they  can  be  handled  more 
easily.  The  compression  web 
member  is  connected  to  the 
pin  by  means  of  pin  plates. 

54.     Peak  Joint. — Figs.  58  and  59  are  peak  joints  of 
riveted  trusses,  and  show  how  the  members  are  connected 
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at  the  top.     In  Fig.  58,  the  rafter  members  are  each  com- 
posed of  two  angles,  and  the  vertical  member  is  composed 
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of  two  flat  bars.     The  gfusset  a  is  riveted  in  the  shop  to  one 

of  the  rafter  members,  and  the  other  members  are  riveted  to 

it  in  the  field.     The  purlin  c  is  composed  of  two  channels,  and 

is  connected  to  the  truss 

by  means  of  the  bent 

bars  d.     This  joint  also 

shows  the  way  in  which 

the  common  rafters  b 

may  be  connected  to 

the  top  of  the  purlin. 

Fig.  59  is  the  peak 
joint  of  a  much  larger 
truss.  The  vertical 
webs  a^  a  that  form  part 
of  the  section  of  the 
rafter  are  spliced  at  h,  b 
to  the  gusset  r.  The  gusset  is  shown  connected  at  the  left 
end  of  the  rafter  and  one  of  the  web  members  by  shop  rivets, 
and  to  all  the  other  members  by  means  of  field  rivets.  It  is 
customary  to  rivet  as  great  a  portion  of  a  roof  truss  together 


Pio.  60 

in  the  shop  as  can  be  conveniently  transported  to  the  place 
where  it  is  to  be  erected. 

55.  Heel  Joint. — Fig.  60  shows  a  method  of  forming 
the  heel  joint  of  a  riveted  truss  when  the  end  rests  on  a 
pedestal  or  oo  the  wall.    The  chord  a  is  continued  across 
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the  support,  and  the  rafter  b  is  connected  to  it  by  means  of 
the  c:usset  c.    Fig.  61  shows  a  method  of  forming  this  joint 


PlO. 


when  the  end  of  the  truss  is  supported  on  a  column,  fhe 
rafter  a  is  continued  across  the  top  of  the  column,  and  the 
ans:les  or  other  shapes  b  of  which  the  column  is  composed 


Pig.  61 

are  continued  up  to  the  under  side  of  the  rafter.  The  gnisset  c 
connects  the  end  of  the  chord  and  that  of  the  rafter  to  the 
top  of  the  column.  In  the  figure,  the  web  of  the  column 
is  stopped  at  dd,  and  the  lower  edge  of  the  gusset  is  inserted 
between  the  angles  at  the  top.  The  gusset  and  web-plate 
are  spliced  by  the  side  plates  e\  when  there  are  no  side 
plates,  additional  plates  are  used  for  splicing. 
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56*  Cliord  Joints. — Fig:.  62  shows  a  method  of  form- 
ing a  chord  joint  of  a  pin-connected  roof  truss.  In  this  joint, 
all  the  tension  members  are  placed  inside  the  channels  that 


Pio.  02 

form  the  compression  member.  Fig.  63  shows  a  chord  joint 
of  a  riveted  roof  truss,  the  chord  being  spliced  at  the  joint. 
In  this  figure,  every  member  is  composed  of  two  angles; 


the  ends  are  connected  by  a  single  gusset  inserted  between 
the  angles.  This  gusset  acts  also  as  a  splice  plate  for  the 
chord. 


BRIDGE  PIERS  AND  ABUTMENTS 


PRELIMINARIES 


DEFINITIONS 
!•     Abutments  and  Piers. — The  supports  provided  for 
the  ends  of  a  bridge  are  generally  required  to  hold  back  the 
banks,  thus  acting  both  as  supports  for  the  bridge  and  as 


retaining  walls;  supports  of  this  character  are  shown  at  A 
and  /%  Fig.  1,  and  are  called  abutments.  When,  as  at  inter- 
mediate points,  such  as  B,  C,  D,  and  E,  Fig.  1,  there  is  no 
bank  to  restrain,  the  supports  are  called  piers. 

Ct^rrighUd  k9  /nUmatwital  Textbook  Com^amy.    EuUrtd  at  Siaiioiurs'  Hmil,  Lomd^ 

in 
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2.  An  abutment  usually  has  lateral  extensions,  a,  a, 
Fig.  1  (a) ,  to  hold  back  the  earth  in  the  sloping  bank.  These 
extensions  are  called  w^ingrs,  and  the  abutment  is  some- 
times called  a  y^ing  abutment,  if  it  is  desired  to  indicate 
the  existence  of  wings.  Nearly  all  abutments  are  wing 
abutments. 

When  the  wings  are  omitted,  as  at  /%  Fig.  1  (a),  and  the 
filling  material  is  allowed  to  run  around  in  front  of  the  abut- 
ment, the  latter  is  called  a  pier  abutment,  or  abutment 
pier. 

3.  Piers  may  be  carried  up  to  such  a  height  as  to  give  a 
direct  support  to  the  bridge,  as  at  C  and  Z?,  Fig.  1  (*),  or 
they  may  be  carried  only  to  such  a  height  as  to  protect  the 
structure  from  the  destructive  influences  below  or  near  the 
surface  of  the  earth,  as  at  B  and  E,  a  trestle  *,  b  being  intro- 
duced between  the  top  of  the  pier  and  the  bottom  of  the 
bridge.  These  low  piers  are  frequently  divided  into  two 
separate  supports,  as  shown  at£,  Fig.  1(a),  called  pedestals, 
or  pedestal  piers. 

4.  Superstructure  and  Substructure. — The  bridge 
proper,  which  rests  on  the  piers  and  abutments,  above  the 
level  GG,  Fig.  1  (^),  is  called  the  superstructure.  All 
supporting  work  below  the  level  G  Gy  including  trestles  or 
columns,  as  at  B  and  £y  and  all  the  masonry,  is  called  the 
substructure. 

5.  Brldj^o  Seat. — The  top  surface  /, /,  Fig.  l'(^),  of  an 

abutment  or  pier  to  which  the  weight  of  the  bridge  is  directly 
transmitted  is  called  the  bridge  seat.  The  course  ^,^  of 
masonry  directly  under  the  bridge  seat  is  called  the  bridge- 
seat  course,  coping  course,  or  top  course;  it  is  some- 
times called  simply  the  bridge  seat  or  coping.  This  course 
usually  projects  a  few  inches  beyond  the  outer  edge  of  the 
masonry  directly  under  it.  This  projection  is  called  the 
overhang  of  the  bridge  seat;  it  improves  the  appearance 
of  the  pier,  and  protects  the  masonry  beneath  it  from  the 
weather.  The  outer  edge  h.h,  Fig.  1  (a),  of  the  masonry 
immediately  under  the  top  course  is  called  the  neat  line. 
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6.  Pedestal  Blocks. — In  cases  where  stringers  or  floor- 
beams  rest  on  the  masonry  at  elevations  different  from  the 
elevations  of  the  base  of  the  trusses  or  gfirders,  separate  top 
courses  are  sometimes  laid;  but  more  frequently  the  top 
course  is  finished  level  at  the  proper  elevation  for  the  trusses 
or  girders,  and  is  called  the  main  bridgre  seat.  The 
proper  elevation  is  then  secured  for  the  stringers  or  floor- 
beams  by  placing  stone  blocks,  called  pedestal  blocks,  on 
top  of  the  main  bridge  seat.  In  many  cases,  the  desired 
elevation  is  secured  by  means  of  steel  castings,  called 
I>ede8tals. 

7.  Parapet. — In  order  to  keep  the  filling  from  running 
over  on  the  bridge  seat,  a  back  wall^,  r,  Fig.  1,  commonly 
called  a  parapet,  is  usually  built  on  top  of  the  bridge  seat. 

8.  Footingrs. — The  lower  part  dy  d.  Fig.  1  {b),  of  a  pier 
or  abutment  is  called  the  footinsr-  It  is  usually  made  to 
project  somewhat  beyond  the  masonry  of  the  main  body 
above  it.  Footings  serve  the  purpose  of  securing  greater 
bearing  area  on  the  soil  and  of  giving  greater  stability  to 
the  structure. 

9.  Cutwaters. — When  piers  are  placed  in  running 
streams,  as  at  D,  Fig.  1,  they  are  usually  placed  with  their 
longest  dimension  parallel  to  the  direction  of  the  current, 
and  the  ends  are  made  pointed  instead  of  flat,  in  order 
to  reduce  the  obstruction  to  the  flow  of  water.  The 
up-stream  end  is  generally  made  sharper  than  the  down- 
stream end.  The  sharp,  ends  e,e.  Fig.  1  (a),  are  called 
nosingrs  or  cutwaters.  In  cold  climates,  where  floating  ice 
is  common,  cutwaters  are  sometimes  called  ice  breakers, 
and  are  frequently  protected  by  means  of  a  bent  steel  plate 
fastened  to  the  masonry.  This  protection  should  always 
be  provided  where  large  masses  of  ice  are  likely  to  float 
down  the  stream. 
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LOCATION  AND  ESTIMATES 

10.  Direction  of  Crossingr. — The  direction  of  a  bridge, 
especially  of  a  railroad  bridge,  should,  if  practicable,  be  so 
selected  that  the  crossing  will  be  at  right  angles,  or  nearly 
so,  to  the  direction  of  the  stream,  road,  or  depression  to 
be  crossed.     This  is  desirable  both  because  such  location 
reduces  the  length,  and  accordingly  the  cost,  of  the  structure, 
and  also  because  a  skew  end  is  objectionable  from  a  purely 
structural  point  of  view.    The  problem  of  making  the  crossing 
square  or  nearly  so  is  not  always  considered  the  duty  of  tb^ 
bridge  engineer;  but  the  locating  engineer  should  endeavo^ 
so  to  arrange  the  alinement  as  to  avoid  the  necessity  of  skevT^ 
bridges. 

11.  In  the  case  of  a  railroad  bridge,  unless  it  is  made 
unusually  heavy  and  stiflE,  the  rigidity  of  the  support  at  the 
abutment  and  the  elasticity  of  the  unsupported  part  of  the 
bridge  at  the  opposite  side  cause  an  undesirable  swing  to 
passing  trains.    The  cause  of  this  swing  may  be  understood 
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by  referring  to  Fig.  2,  which  shows  a  skew  crossing.  On 
account  of  the  rigidity  of  the  abutments,  the  deflection  at 
such  a  point  as  A  is  practically  negligible,  while  at  such  a 
point  as  B,  directly  opposite  A,  the  truss  deflects  an  appre- 
ciable amount.  The  result  is  that  the  floor,  and  conse- 
quently the  train,  is  inclined  sidewise  from  A  to  B.    This 
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objectionable  condition  may  sometimes  be  avoided  by  squar- 
ing: up  the  ends,  as  shown  by  dotted  lines  in  Fig.  2,  but  this 
still  further  lengthens  and  increases  the  cost  of  the  crossing; 
and,  if  more  than  one  span  is  required,  the  intermediate  piers 
must  still  be  generally  left  on  a  skew,  so  as  to  present  as 
little  obstruction  as  possible  to  the  current  or  traffic  beneath. 

12.  liocatlon  of  Piers. — With  the  location  of  the 
crossing  determined,  the  problem  is  not  necessarily  wholly 
solved.  If  the  bridge  is  over  a  railroad,  a  highway,  or  a 
navigable  stream,  the  position  and  length  of  one  or  more 
spans  may  be  fixed  by  the  requirements  of  the  traffic  beneath; 
for  the  way  previously  existing  is  entitled  to  the  prefer- 
ence and  controls  to  a  great  extent  the  locations  and  dimen- 
sions of  the  piers.  The  first  thing  to  do  after  the  direction 
and  location  of  the  crossing  have  been  decided  is  to  deter- 
mine the  location  of  the  abutments,  and  to  ascertain  to  what 
extent  the  traffic  underneath  will  affect  the  selection  of  the 
number  and  length  of  spans.  The  piers  should  be  located  so 
as  to  offer  the  least  possible  amount  of  obstruction.  This 
condition  frequently  controls  the  location  of  every  pier. 
Another  element  that  must  be  taken  into  account  in  deter- 
mining the  positions  and  number  of  piers  is  the  cost.  It 
should  be  borne  in  mind  that  a  reduction  in  the  number  of 
piers  requires  an  increase  in  the  lengths  of  the  spans,  and 
that  the  increased  cost  of  the  spans  may  upset  the  saving 
resulting  from  a  reduction  in  the  number  of  piers.  If  the 
crossing  is  a  low  one,  and  a  good  foundation  can  be  obtained 
at  a  moderate  depth,  short  spans  are  often  more  economical 
than  long  spans. 

13«  Economical  Arrangrement. — For  preliminary 
estimates,  use  may  be  made  of  the  empirical  rule  that  the 
economic  arrangement  is  approximately  that  in  which  the 
cost  of  the  substructure  equals  the  cost  of  the  superstructure 
(the  trestles,  if  any,  being  included  in  the  substructure). 
Also,  in  this  preliminary  study,  the  cost  of  the  main  trusses 
or  girders  may  be  considered  as  varying  directly  as  the 
square  of  the  span,  and  the  cost  of  the  floor  directly  as  the 
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lengfth  of  the  span,  unless  the  change  of  length  of  span  is  suffi- 
dent  to  change  the  character  of  the  structure.  The  cost  of  the 
substructure  for  any  one  support  depends  on  the  length  of 
span,  the  heig:ht  of  the  structure,  and  the  depth  of  the  founda- 
tion. By  roughly  designing  piers  for  both  the  longest  and 
the  shortest  span  to  be  considered,  the  cost  of  each  pier  can 
be  approximately  determined. 

If  the  crossing  is  short,  the  most  economical  number  of 
spans  and  length  of  span  may  generally  be  determined 
immediately  by  finding  a  span  such  that  the  total  cost  of  sub- 
structure divided  by  the  length  of  the  bridge  will  be  approx- 
imately equal  to  the  total  cost  of  superstructure  divided  by 
the  length  of  the  bridge.  But  if  the  crossing  is  long,  a  more 
detailed  estimate  of  cost  is  usually  necessary. 

14.  Approximate  Costs. — For  the  purpose  of  com- 
parison, the  cost  of  masonry  for  the  substructure  and  of  the 
steelwork  for  the  superstructure  may  be  assumed.  In  this 
Section,  the  cost  of  the  masonry  will  be  taken  as  $10  per 
cubic  yard,  and  that  of  the  excavation  for  foundations  as 
50  cents  per  cubic  yard,  including  the  disposal  of  the  material 
excavated.  For  rough  estimates,  the  cost  per  linear  foot  of 
the  steelwork  of  the  bridge  spans  and  the  necessary  dimen- 
sions of  bridge  seat  for  different  spans  may  be  taken 
approximately  as  follows: 

Span  ^^^'^  ^^^ 

^^^^  Linear  Foot 

^^^^  Dollars 

50  50 

100  80 

150  110 

200  140 

250  170 


Rbquired  Sizb 
OF  Bridge  Seat 

Feet 

4X10 

5X15 

6X20 

7X25 

8X30 

ILLUSTRATIVE    EXAMPLE 

15.  Data. — As  an  illustration,  let  it  be  assumed  that  a 
bridge  1,000  feet  long  for  a  single-track  railroad  is  to  be 
built  across  a  valley  80  feet  deep,  the  masonry  to  be  carried 
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to  a  depth  of  5  feet  below  the  bottom  of  the  valley  and  up  to 
such  height  as  to  give  direct  support  to  the  bridge  span; 
and  the  distance  between  the  tops  of  piers  and  the  base  of 
rails  to  be  one-fifth  of  the  length  of  the  spans. 

16.  Possible  Spans. — It  will  be  readily  seen  that  a 
length  of  1,000  feet  may  be  divided  into  two  spans  of  500 
feet  each,  or  three  spans  of  3«33  feet  4  inches,  or  four  spans 
of  250  feet,  or  any  greater  number  of  spans  of  correspond- 
ingly shorter  length.  But  it  is  also  obvious  that  with  the 
longer  spans  the  cost  of  the  superstructure  will  be  much 
greater  than  if  short  spans  are  used. 

17.  Cost  of  Superstructure  and  Substractare. — For 

rough  estimates  of  this  kind,  it  is  sufficiently  close  to  assume 
the  top  of  the  pier  to  have  the  dimensions  given  for  the  bridge 
seat,  and  the  four  sides  to  have  a  batter  of  1  inch  per  foot 
down  to  the  level  of  the  ground;  whence,  with  an  offset  of 
1  foot  on  each  side  and  one  at  each  end,  the  same  dimensions 
are  maintained  down  to  the  subfoundation,  5  feet  below  the 
ground  surface.  With  these  assumptions,  the  approximate 
quantities  and  cost  for  the  substructure  are  found  to  be  as 
given  in  the  following  table: 


Span 
Feet 

Masonry 

Excavation 

Total 

Cost 

per  Pier 

Total  Cost 
of  Sub- 
structure per 
Foot  of  Span 

Total  Cost 
of  Super- 
structure per 
Foot  of  Span 

Cubic 
Yards 

Cost 

Cubic 

Yards 

Cost 

50 

510 

$5,100 

78 

$39 

$5,139 

$102.80 

$  50 

75 

533 

5,330 

82 

41 

5.371 

71.60 

65 

100 

548 

5.480 

85 

43 

5,523 

55.20 

80 

150 

558 

5,580 

92 

46 

5,626 

37.50 

no 

200 

537 

5,370 

98 

49 

5,419 

27.10 

140 

250 

488 

4,880 

103 

51 

4.931 

19.70 

170 

18.  In  finding  the  quantities  given  in  the  second  column 
of  the  table,  it  is  convenient  to  draw  a  diagram  similar  to 
that  shown  in  Fig.  3,  which  is  a  pier  for  a  100-foot  span. 

136—28 
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Sis^wftOff  O^  /90kL 


The  distance  from  the  rail  to  the  cround  is  given  as  80  feet; 

that  from  the  rail  to  the  bridge  seat  is  one-fifth  the  span,  or, 

in  this  case,  20  feet.    This 
makes  the  pier  60  feethi^h 
from  the  bridge  seat  to  the 
ground  surface.    The  re- 
quired size  of  bridge  seat 
for  this  span  is  given  in 
Art.  14  as  5  ft.  X  15  ft.; 
with  a  batter  of  1  inch  per 
foot,  the  cross-section  of 
the  pier  increases  1  foot 
in  each  direction  for  every 
6   feet   of    height,   which 
makes   15  ft.  X  25  ft.  at 
the  ground  surface.    The 
prismoidal  formula,  given 
in    Geometry^    Part    2,    is 
best  adapted  to  the  com- 
putation  of    the    volume. 
The   cross-section   of  the 
pier    half    way    between 
the   bridge    seat   and   the 
ground   surface   is    10  ft. 
X  20  ft.,  and  the  volume 
of  this  part  of  the  pier  is 


found  to  be 


60 


[(5  X  15)  -h  (4  X  10  X  20)  -h  (15  X  25)] 


6X  27 

=  463  cubic  yards.     The  foundation  is  made  1  foot  larger 

all  around  than  the  bottom  of  the  pier  at  the  ground  surface. 

This  makes  the  base  17  ft.  X  27  ft.  in  cross-section.     If  the 

depth  is  taken  as  5  feet,  the  volume  of  this  part  of  the  pier  is 

5  X  17  X  27 

=  85  cubic  yards.     The  total  volume  of  masonry 

is,  then,  463  -|-  85  =  548  cubic  yards.  The  amount  of  exca- 
vation, given  in  the  fourth  column  of  the  table,  is  assumed  to 
be  the  same  as  the  volume  of  the  foundation,  or,  in  this  case, 
85  cubic  yardt. 
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The  total  cost  per  pier,  given  in  the  sixth  column,  bears  no 
relation  to  the  length  of  span,  but  increases  and  then  decreases 
as  the  span  increases.  This  is  because,  in  this  example,  the 
height  of  pier  is  less  for  the  longer  spans,  since  the  bridge 
seat  is  taken  at  a  distance  of  one-fifth  the  span  below  the 
rail.  On  the  other  hand,  the  cost  of  substructure,  per  linear 
foot  of  bridge,  decreases  rapidly  as  the  span  increases,  so  that 
if  this  were  the  only  consideration,  long  spans  would  be 
desirable.  This  decrease  is  oflEset,  however,  by  the  increase, 
per  linear  fool  of  bridge j  of  the  cost  of  the  superstructure. 

19,  Final  Calcalatlon. —  From  an  inspection  of  the 
table  in  Art.  17  it  is  seen  that,  on  the  basis  assumed,  the 
cost  of  one  unit  of  substructure  will  equal  the  cost  of  one 
nnit  of  superstructure  when  the  length  of  span  is  about 
80  feet,  and  the  cost  per  foot  of  substructure  and  superstruc- 
ture will  be  about  $68.  This  condition  would  call  for  twelve 
or  thirteen  spans,  a  number  that  is  approximately  right;  but,  on 
account  of  the  magnitude  of  the  work,  it  is  advisable  to  carry 
the  computations  further  with  about  this  number  and  length  of 
spans,  using  the  actual  profile  of  the  ground  at  the  crossing 
and  considering  in  detail  the  depth  of  each  pier,  including 
the  foundation.  This  is  necessary  because  the  piers  near  the 
ends  of  the  bridge  will  probably  not  be  so  high  as  those 
near  the  center,  where  the  valley  is  the  lowest.  The  first 
rough  calculation  indicates  about  what  number  of  spans 
should  be  considered;  in  the  second,  more  detailed  calculation. 

20.  Plans. — Unlike  some  other  classes  of  structures,  of 
which  a  great  many  may  be  built  substantially  alike  and  from 
the  same  plans,  it  is  generally  necessary  to  make  a  special 
design  for  every  pier  or  abutment;  for  the  dimensions  and 
shape  of  these  structures  depend  largely  on  greatly  varying 
local  conditions.  It  is  customary  in  all  cases  to  give  the 
general  dimensions,  such  as  height,  width,  length,  etc.  In 
many  cases,  the  sizes  of  stones  to  be  used  are  marked  on  the 
plans,  but  it  is  considered  better  practice  to  allow  the  con- 
tractor to  take  care  of  this  matter.  It  is  sufficient  in  most 
cases  to  specify  the  limiting  sizes  that  will  be  permitted. 
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PIER  DESIGN 


PRACTICAIi  CONSIDERATIONS 

21.  Brldfire  Seat. — In  desismiog  a  bridge  pier,  the  first 
matter  to  be  considered  is  the  area  and  plan  of  its  top,  so  as 
to  provide  proper  support  for  the  superstructure.  If  the 
bridge  is  so  designed  that  all  the  bearings  on  the  masonry 
are  at  the  same  elevation,  the  top  of  the  pier  is  made  level 
throughout  its  whole  area. 

The  width  of  the  top  of  a  pier  can  seldom  be  made  less 
than  4  feet,  and  can  be  made  as  narrow  as  this  only  when 
the  adjacent  spans  are  very  short.  This  width  is  necessary 
on  account  of  the  fact  that  the  girders  or  trusses  that  form 
two  ad;acent  spans  are  in  the  same  line,  and  sufficient  width 
must  l^  provided  to  permit  each  to  have  sufficient  bearing 
surface.  The  nearest  edge  of  the  bearing  plates  should  not 
be  allowed  to  come  closer  than  about  3  inches  to  the  neat 
line  of  the  n^.asonry  under  the  bridge  seat,  and  the  edges  at 
the  ends  of  the  adjacent  spans  should  be  from  6  to  12  inches 
apart.  The  bearinj^  plates  for  the  shortest  spans  that  usually 
rest  on  piers  can  seldom  be  made  less  than  18  inches  in 
length,  so  it  can  be  readily  seen  that  a  width  of  4  feet  is  as 
small  as  can  be  used.  Allowing  for  an  overhang  of  3  inches 
on  each  side  makes  the  bridge-seat  course  4  feet  6  inches  in 
width.  When  the  bridge  is  on  a  skew,  it  is  necessary  to 
make  the  bridge  seat  somewhat  wider,  in  order  to  keep  the 
bearing  plates  from  coming  too  close  to  the  edges.  Fig.  4 
shows  the  bridge  seat  of  a  pier  and  the  ends  of  two  adjacent 
trusses. 

22.  In  the  length  of  a  pier,  a  more  liberal  allowance  is 
generally  made  than  in  the  width,  the  ends  of  the  pier  being 
carried  from  once  to  twice  the  width  beyond  the  centers 
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of  the  outside  trusses  or  girders,  unless  special  conditions 
render  it  necessary  to  adopt  a  smaller  length.  The  extra 
length  at  the  ends  is  considered  necessary  because  it  is  not 
advisable  to  have  an  edge  of  the  masonry  close  to  two  sides 
of  a  bearing  plate;  otherwise,  a  corner  of  the  masonry  may 
break  off  and  allow  the  end  of  the  bridge  to  fall.  The 
increase  is  made  in  the  length  rather  than  in  the  width, 
because  the  former  adds  less  to  the  total  volume  and  cost 
of  the  pier,  and  also  because  it  causes  less  obstruction  under 
the  bridge. 

23.  Pedestal  Blocks. — ^When  the  design  of  the  bridge 
is  such  as  to  require  supports  at  different  elevations  for 
different  parts  of  the  superstructure,  the  top  of  the  bridge- 
seat  course  is  generally  placed  at  the  elevation  required  for 
the  lowest  supports,  and  the  higher  elevations  are  obtained 
by  placing  stones  or  castings  on  top  of  the  bridge  seat,  or 
by  using  stones  of  different  thicknesses  in  the  bridge-seat 
course.  Fig.  5  shows  three  ways  of  accomplishing  this. 
In  (a)  and  (c)  stones  of  different  thicknesses  are  placed  on 
top  of  the  bridge  seat,  while  in  (d)  different  thicknesses  arc 
used  in  the  bridge-seat  course. 

24.  Batter. — Sufficient  batter  for  the  sides  and  ends  of 
the  pier  should  always  be  provided  for  in  the  design, 
whether  or  not  the  theoretical  conditions  require  the  base 
to  be  greater  than  the  top.  The  batter  usually  starts  at 
the  neat  line  under  the  bridge-seat  course  and  continues 
unbroken  down  to  the  top  of  the  footing  course.  In  ordinary 
practice,  a  batter  of  i  to  la  inches  to  the  foot  is  usually  con- 
sidered sufficient.  When  the  horizontal  cross-section  of  the 
pier  is  rectangular,  the  ends  are  given  the  same  batter  as  the 
sides.     When  there  are  cutwaters,  different  batters  are  used. 

25.  There  are  two  reasons  for  giving  the  pier  a  batter 
on  all  sides:  first,  it  is  usually  required  in  order  to  give  the 
proper  size  of  base;  second,  the  appearance  is  greatly 
improved  by  the  batter.  If  the  sides  were  built  vertical, 
the  pier  would  seem  to  the  eye  to  be  narrower  and  shorter 
at  the  bottom  than  at  the  top. 


S83 


BRIDGE  PIERS  AND  ABUTMENTS 


13 


26.  Footlngrs. — The  base  or  footinc:  of  a  pier  should 
always  be  carried  to  such  a  depth  that  it  will  be  safe  from  the 
dang:ers  of  frost  and  other  surface  disturbances,  and  should 
be  well  protected  from  the  dans:er  of  undermining,  if  run- 


W 


IT 


Ce) 
Pio.  5 


TT 


nine:  water  is  near.  The  footing:  must  be  of  sufficient  size 
to  properly  distribute  the  load  without  exceeding  the  safe- 
bearing  power  of  the  subfoundation.  When  only  practical 
conditions  govern  the  size  of  the  pier,  the  batter  is  usually 
continued  unbroken  to  the  surface  of  the  ground.    The  sides 
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and  ends  are  then  stepped  out  or  offwt  6  indiea  or'l  foot  to 
form  the  footing,  and  the  sides  are  continued  vertical  down- 
wards to  the  snbf  oundation. 

27.  Heltflit  of  Pier, — It  is  very  important  that  Oe  tap 
of  a  pier  be  brought  to  the  proper  height,    l^or  bridges  over 
city  streets,  the  height  is  usually  controlled  by  the  required 
amount  of  headroom  beneath.    Wb»a  a  pier  is  to  be  pliced 
in  running  water,  special  care  must  be  taken  to  study  all  the 
conditions.    The  highest  point  to  whidi  the  water  luLs  ever 
reached  must  be  ascertained,  and  the  top  of  the  pier  placed 
well  above  it.    In  addition,  it  must  be  borne  in  mind  that  the 
pier  will  be  an  obstruction  in  the  stream;  on  this  account,  ice 
or  drift  may  collect  to  a  height  of  several  feet,  causing  the 
water  to  rise  higher  than  it  did  before.    The  steelwork  of 
the  bridge  should  be  placed  so  high  that  it  will  never  be  in 
danger  of  being  knocked  o£E  the  pier  by  blows  from  the  ice 
or  drift.     Even  where  there  is  no  current,  the  top  of  the  pier 
should  be  placed  so  high  that  the  steelwork  of  the  bridge 
will  not  be  subject  to  corrosion  on  account  of  contact  with 
the  water. 

28.  Piers  In  Streets  and  Hl^liways. — ^Usually,  when 
a  bridge  crosses  a  body  of  water,  the  piers  are  carried  up 
high  enough  for  the  bridge  to  rest  directly  on  them.  In 
many  other  cases,  however,  the  piers  are  carried  only  a 
short  distance  above  the  surface  of  the  ground,  and  the 
bridge  is  supported  by  columns  that  rest  on  the  piers. 
This  is  the  case  in  many  railroad  bridges  over  city  streets 
and  highways.  The  abolition  of  grade  crossings  of  high- 
ways with  railroads  calls  for  a  great  number  of  bridges,  and 
many  of  these  have  low  piers.  When  the  street  or  highway 
is  wide,  it  is  found  more  economical  to  use  several  short 
spans  than  one  long  span.  A  pier  is  placed  at  the  center  of 
the  street,  or  at  each  curb  line,  or  at  both  the  center  and  the 
curb  lines.  Then,  since  the  piers  would  take  up  so  much  of 
the  width  of  the  street,  only  the  footings  are  built,  and  the 
columns,  which  occupy  much  less  width,  are  placed  directly 
on  the  footings.     In  this  case,  the  base  of  each  column 
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should  be  covered  with  concrete  to  such  a  width  that  wheels 
of  passing:  vehicles  cannot  hit  the  columns,  and  also  to  pro- 
tect the  bases  of  the  columns  from  the  corrosion  that  micfht 
be  caused  by  the  collection  of  dirt  and  moisture.  The  low 
piers  that  support  the  columns  are  for  the  purpose  of  spread- 
ing the  loads  evenly  over  the  proper  area  of  subfoundation. 


Tap  of  Copmffo6€  B»ti3Mmmfm\ 
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Pio.  • 

It  should  be  kept  in  mind  that  piers  built  in  city  streets 
in  which  there  is  much  traffic  will  be  very  conspicuous  if 
carried  up  to  the  bridge,  and  the  designer  should  attempt 
to  make  them  look  as  artistic  as  practicable.  A  very  simple 
way  to  improve  the  appearance  is  to  point  or  round  the  ends. 
Fic;.  6  gives  dimensions  for  a  pier  reaching  up  to  the  bridge 
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for  a  single-track  railroad  bridge  suitable  for  location  in  a 
street.  Fig.  7  gives  the  dimensions  for  a  low  pier  for  the 
support  of  columns  or  trestle  bents. 

29.  Piers  Near  Railroad  Tracks. — In  the  case  of 
bridges  over  railroad  tracks,  it  is  often  necessary  or  advis- 
able to  provide  supports  near  the  tracks  below.  Many  engi- 
neers provide  these  supports  by  means  of  steel  trestles 
resting  on  low  masonry  piers  similar  to  that  shown  in 
Fig.  7.  When  columns  are  used,  it  is  not  advisable  to  have 
them  extend  down  to  the  track  level,  for  a  derailed  train 
might  run  into  them  and  cause  the  bridge  to  fall.     In  order 


Top  fo  be  Dressed  fo  True  €rmfijeng/ 
Surface  3 /rtch  M/ierecf Comers. 


-22-0- 


F/rsf  C/ass,  four/irce  CuA  S/one 


J^  t-         2  Courses  of  Z4  /ncffes^  £  //K^Jo/ofs,    ^  f^ 


* 


li 


Coocfffudd/e  o/l^r^eSforre  inAforfffr. 


-94^- 


n 


Croun^UM 


Pio.  7 


to  avoid  all  possibility  of  such  an  accident,  it  is  advisable  to 
have  the  masonry  extend  up  to  about  10  feet  above  the 
track,  so  that  in  case  of  a  derailment  the  masonry  pier  can 
resist  the  shock.  Of  course,  it  is  a  serious  matter  for  a 
derailed  train  to  strike  a  masonry  pier,  but  it  would  be  still 
more  serious  for  it  to  knock  the  supports  out  from  under  a 
bridge,  causing  the  latter  to  fall  on  and  crush  the  train. 
For  similar  reasons,  the  masonry  work  of  piers  in  navigable 
streams  should  be  made  of  sufficient  height  to  protect  the 
bridge. 

30.  Piers  for  Trestles. — For  high  trestles  over  land, 
long  spans  are  sometimes  used,  and  then  the  piers  are 
continued  up  to  the  bottom  of  the  bridge.     In  the  majority 
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of  cases,  however,  shorter  spans  are  used,  and  it  is  found  to 
be  more  economical  to  have  the  pier  extend  only  a  short 
distance  above  the  surface  of  the  ground,  and  to  support  the 
bridc:e  by  means  of  a  steel  tower  resting  on  the  pier.  For 
low  trestles,  the  pier  is  usually  made  continuous  across  the 
track,  so  that  it  will  support  two  or  more  of  the  columns 
that  compose  the  trestle  bent.  The  pier  shown  in  Fig.  7  is 
suitable  for  such  conditions,  the  length  depending  on  the 
length  of  the  bent. 

31.     Pedestals  for  Hlgrli  Trestles. — High  trestles  are 
generally  built  with  short  tower  spans  of  from  30  to  50 
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feet,  alternating  with  longer  spans,  as  shown  in  Fig.  8.  The 
trestle  bents  that  form  the  towers  are  placed  in  vertical 
planes,  as  shown  at  (a),  but  the  outside  columns  in  the  bent 
(there  are  usually  but  two)  are  inclined  outwards  from  the 
track,  with  a  batter  of  la  to  3  inches  per  foot,  as  shown 
at  id).  For  high  trestles,  this  calls  for  supports  at  such 
distances  apart  that  it  is  generally  undesirable  to  make  a 
continuous  pier  for  each  bent.  A  separate  masonry  support, 
usually  called  a  pedestal,  is  then  provided  for  each  column. 
These  pedestals  should  extend  far  enough  into  the  ground 
to  be  able  to  resist  the  action  of  frost  and  other  destructive 
surface  agents,  and  their  bases  should  be  made  large  enough 
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to  eliminate  any  poMibility  of  settlini^.  The  horiiootal  dis- 
tance between  the  pedestals  at  the  base  of  a  tower  is  geDenlli 
much  less  than  the  distance  from  the  top  of  the  pedestals  to 
the  track.  On  this  accoont,  whenever  one  pedestal  settles, 
the  track  above  is  thrown  oat  of  line  a  greater  amount  tSm 
the  amount  of  the  settlement,  and  one  rail  sinks  below  the 
other.  If  the  tower  above  is  very  stronsrly  braced,  both  hori- 
sontally  and  diagonally,  as  is  customary  in  the  best  practice, 
one  of  the  pedestals  can  settle  without  causing  the  column 
above  it  to  settle,  this  column  being  held  up  by  the  bracing 
while  there  is  no  load  on  the  bridge.  As  soon  as  sufficient 
load  comes  on  the  column,  however,  the  latter  will  be  forced 
down  on  top  of  the  pedestal,  and,  in  the  case  of  a  railroad 
bridge,  the  train  may  be  thrown  off  the  trestle.  It  is  thus  seen 
that  it  is  of  the  utmost  importance  to  provide  a  sufficient  arei 
of  base  for  pedestals,  especially  for  high  trestles,  and  also  to 
provide  proper  foundations.  The  possible  result  of  settle- 
ment here  is  much  greater  than  in  the  case  of  continuous 
piers  under  low  bridges.  In  addition,  if  any  settlement  should 
occur,  it  will  be  a  viery  diflBcult  matter  to  rectify.  The  out- 
lines of  several  pedestals  showing  the  customary  method  of 
spreading  the  courses  over  a  greater  base  are  shown  in  Fis:.8. 

32.  As  a  rule,  trestle  bents  are  so  designed  that,  although 
the  columns  are  inclined  outwards,  the  load  on  each  pier  will 
be  vertical,  except  in  case  of  wind..  The  outward  thrust  is 
usually  resisted  by  the  horizontal  bracing  of  the  bent.  For 
this  reason,  the  center  lines  of  the  pedestals  are  vertical.  For 
pedestals  on  a  side  hill,  allowance  for  the  tendency  of  the 
pedestals  to  overturn  or  slide  downwards  must  be  considered 
and  the  foundations  placed  lower.  As  a  rule,  this  tendency 
can  be  overcome  by  making  the  pedestals  several  feet  deeper 
than  those  on  level  ground.  On  a  side  hill,  care  must 
also  be  taken  to  make  the  tops  of  the  piers  high  enough  to 
keep  clear  of  the  earth  that  may  roll  down,  and  to  keep  the 
steel  or  wooden  posts  out  of  the  dirt  at  all  times;  otherwise* 
it  is  desirable  to  keep  the  tops  of  the  pedestals  as  low  ^ 
possible. 
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33«  Piers  for  Rannlnsr  Streams. — Outlines  of  piers 
suitable  for  running  stream  are  shown  in  Figs.  9,  10,  and 
11  for  moderate  heights,  and  in  Fig.  12  for  a  long  span  bridge 
over  a  deep  river.  It  will  be  noticed  that  in  Fig.  12  the  bat- 
ter of  the  sides  of  the  pier  is  smaller  than  usual.  The  batter 
is  frequently  decreased  for  a  large  pier;  for,  at  best,  it  is  a 
serious  obstruction  to  the  flow  of  the  water,  and  it  is  desir- 
able to  reduce  the  amount  of  obstruction  as  much  as  possible. 
A  small  batter  can  be  used  only  for  a  pier  under  a  long  span. 


^^fah  tygfer 


Fig.  11 

In  such  a  case,  it  is  necessary  to  provide  a  large  bridge  seat, 
the  width  of  which  is  often  sufficient  for  the  foundation.  A 
small  batter  is  provided,  however,  for  the  sake  of  appearance. 
The  stability  of  such  a  high  pier  is  a  subject  for  careful  study, 
as  will  be  described  presently.  It  may  be  remarked  here, 
however,  that  in  a  pier  under  a  long  span,  the  dead  weight 
is  so  great  that  the  pier  is  usually  safe  against  any  overturn- 
ing forces  to  which  it  is  likely  to  be  subjected. 

34.  Nosliipcs  or  Cut^vaters. — The  form  of  nosing 
usually  adopted  for  a  pier  in  running  water  is  the  result  of  a 
compromise  between  the  form  that  would  reduce  the  eddies 
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and  whirlpools  to  a  minimum,  and  the  modifications  of  that 
form  which  permanency  and  economy  demand.  To  reduce 
the  obstruction  to  the  current  to  a  minimum,  the  ends  of  the 
pier.should  be  provided  with  nosing:s  pointed  gently  by  means 
of  a  reversed  curve,  as  shown  in  Fig.  13.  This  form,  how- 
ever, would  involve  expensive  stone  cutting  or  concrete  forms, 

and  is  seldom  used. 
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A  simpler  form,  which 
is  almost  as  efficient 
in  turning  aside  the 
water,  consists  in  con- 
tinuing the  long  sides 
by  curved  surfaces 
until  they  meet  in  a 
line,  as  shown  in  out- 
line in  Fig.  14.  This 
form  is  the  best  for 
large  piers,  from  the 
standpoint  of  both 
durability  and  ex- 
pense, and  is  shown 
on  the  lower  part  of 
the  pier  in  Fig;.  12.  In  the  common  form  for  ordinary  piers, 
the  end  is  pointed  by  two  plane  surfaces  coming  together,  as 
shown  in  outline  in  Fig.  15,  and  also  in  Figs.  9  and  10.  The 
planes  forming  the  nosing  should  make  angles  of  from  30°  to 
60°  with  the  center  line  of  the  pier.  An  angle  of  45°  with 
the  center  line,  making  the  point  90°,  as  shown  in  Fig.  15,  is 
frequently  used. 


Center  LifTt  ofPi^ 


Fig.  15 


35.  At  the  down-stream  end,  the  two  planes  that  come 
together  are  given  the  same  batter  as  the  sides.  In  cold 
regions,  where  much  ice  may  be  expected,  the  nosing  at  the 
up-stream  end  of  the  pier  is  given  a  greater  batter,  so  that 
the  slope  of  the  nose  will  incline  at  the  rate  of  3  to  6  inches 
per  foot.  The  sharp  edge  is  frequently  shod  with  iron,  which 
acts  as  an  ice  breaker.  The  momentum  of  the  moving  ice 
and  the  pressure  from  the  current  of  water  force  the  cakes 
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of  ice  to  slide  up  this  smooth  edg:e;  when  hig:h  enoucfh  out 
of  the  water,  the  ice  breaks  of  its  own  weight,  or  by  the 
blows  of  other  ice  forced  against  it. 

The  increased  cost  of  curved  ends  on  large  piers  is  very 
small,  and  since  the  obstruction  to  the  water  is  large,  it  is 
customary  in  practice  to  curve  the  ends,  as  previously  shown 
in  Fig.  12.  If  the  ends  were  given  the  theoretically  proper 
form  shown  in  Fig.  13,  the  sharp  point  would  soon  be  worn 
away.  Semicircular  ends  are  sometimes  used;  but,  if  there 
is  much  current,  bad  eddies  and  whirlpools  result,  and  there 
is  danger  of  the  water  being  so  agitated  as  to  undermine 
the  pier. 

When  the  pier  does  not  extend  more  than  10  or  15  feet 
above  the  high-water  line,  it  is  customary  to  have  the  cut- 
water extend  up  to  the  bottom  of  the  bridge-seat  course,  as 
shown  in  Fig.  9.  In  very  high  piers,  in  which  this  procedure 
would  involve  much  needless  expense,  the  nosings  are  usually 
carried  but  a  few  feet  above  high-water  mark,  and  the 
remainder  of  the  pier  is  made  with  square  ends,  as  shown 
in  Figs.  10  and  11.  When  it  is  desired  to  give  high  piers  a 
better  appearance,  the  ends  of  the  upper  part  may  be  made 
semicircular,  as  shown  in  Fig.  12. 

36.  Belt  Course. — In  case  the  upper  part  of  the  pier  is 
arranged  differently  from  the  lower,  they  are  separated  from 
each  other  by  means  of  a  belt  course,  similar  to  a  bridge- 
seat  course.  The  belt  course  is  indicated  by  the  letters  A,  A 
in  Figs.  11  and  12.  

THEORETICAIi  CONDITIONS 

37.  After  the  approximate  dimensions  of  a  pier  have 
been  decided  according  to  the  foregoing  practical  considera- 
tions, it  is  necessary  to  investigate  the  stability  of  the  pier 
and  to  make  all  the  calculations  necessary  to  determine 
whether  the  actual  stresses  will  anywhere  exceed  the  allow- 
able stresses. 
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CAUSES    OF   FAIIiURB 

38.  The  stability  of  a  bridge  pier  may  be  destroyed  by 
any  one  of  the  following:  causes: 

1.  Overturning  at  any  section  or  on  the  subfonndation  oo 
account  of:  (a)  pressure  of  the  wind  on  the  structure  and 
on  the  loads  carried  by  the  structure;  {b)  the  current  in  the 
stream,  and  the  pressure  and  blows  from  ice  and  other  float- 
ing: objects;  {c)  the  centrifug:al  force  of  trains;  and  (d)  the 
long:itudinal  thrust  due  either  to  the  friction  of  the  wheels  on 
the  rails  when  brakes  are  set,  or  to  the  traction  of  the  ens^ine. 

2.  Sliding  at  any  cross-section  or  on  the  subfonndation. 

3.  Crushing,  either  at  the  bridg:e  seat,  at  any  lower 
section,  or  at  the  base. 

4.  Failure  of  the  foundation  or  sub  foundation,  either  from 
insufficient  streng:th,  from  the  upheaval  by  frost,  or  from 
other  disturbing:  agents. 

,    5.  "  Breaking  apart  or  collapsing,  on  account  of  poor  mortar, 
poor  bond  between  the  stones,  or  poor  concrete. 

39.  Overturning. — In  a  direction  parallel  to  the  axis 
of  the  bridge,  the  forces  tending  to  overturn  the  pier  are  the 
pressure  of  the  wind,  the  longitudinal  thrust  from  trains  in 
railroad  bridges,  and  the  packing  of  ice  or  drift  between  the 
piers  or  between  a  pier  and  the  bank  of  a  stream.  In  case 
the  earth  extends  to  a  greater  height  on  one  side  of  a  pier 
than  on  the  other,  the  unbalanced  pressure  must  not  be 
overlooked.  These  forces  act  to  overturn  the  pier  in  the 
direction  of  its  smallest  dimension  and  least  resistance. 

In  a  direction  at  right  angles  to  the  axis  of  bridge,  there 
may  be  a  pressure  of  the  wind  not  only  on  the  pier  but  also 
on  the  bridge  and  on  the  train  or  other  load,  and  the 
force  of  the  current  may  be  added  to  the  pressure  of  the  ice 
and  drift;  there  may  also  be  centrifugal  force  if  the  track  is 
on  a  curve.  The  centrifugal  force  can  act  only  toward  the 
outside  of  the  curve,  and  the  force  of  the  current  can  act 
only  in  the  direction  of  the  flow;  but  the  other  forces  may 
be  exerted  in  either  direction. 
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Although  the  overturning  forces  acting  on  a  pier  are  dif- 
ferent in  their  origin  from  the  pressure  of  a  bank,  their 
effects  and  the  necessary  ditrtenstons  to  resist  them  are 
determined  in  the  same  way  as  for  retaining  walls,  and  here 
it  will  be  sufficient  to  make  a  few  general  remarks  as  to 
their  character  and  magnitude* 

I  40*  With  a  low  pier,  or  with  one  of  moderate  height, 
the  dimensions  required  for  supporting  the  bridge  are  such 
that  there  is  HttJe  danger  of  overturning;  but  w^ith  a  very  high 
pier,  the  overturning  forces  should  be  carefully  looked  into 
and  provision  made  to  resist  them. 

A  pier  will  never  overturn  about  a  sharp  edge,  unless  the 
sharp  edge  crushes  or  sinks  into  the  soih  This  must  be 
prevented  by  so  designing  the  pier  that  the  safe  crushing 
strength  of  the  masonry  and  the  safe  bearing  power  of  the 
soil  will  not  be  exceeded*  Since  the  maximum  force  of  the 
wind  and  of  the  longitudinal  thrust  are  of  rare  occurrence 
and  of  brief  duration,  the  mtensities  of  pressure  usually 
permitted  may  be  increased  25  per  cent,  when  these  over- 
turning forces  are  considered  as  acting  at  the  same  time. 
In  the  Section  on  FoundatioHs,  Part  1»  may  be  found  tables 
giving  the  safe  bearing  power  of  various  soils  and  the  safe 
crushing  stresses  lor  masonry* 

,      41.     SlidlDg.— The  forces  tending  to  produce  sliding  of 

^a  pier  on  its  subfoundation,  or  along  any  horizontal  plane 

within  the  pier,  are  the  same  as  those  that  tend  to  overturn 

it*     The  method  of  determining  the  effect  of  these  forces 

and  of  providing  for  them  is  the  same  as  for  retaining  walls, 

I  42»  Crush Ing.^The  weight  of  the  bridge  and  its  load 
is  usually  transmitted  to  the  pier  at  two  or  more  points  so 
far  apart  that,  if  ample  provision  is  made  for  distributing  this 
load  over  a  sufficient  area  at  the  bridge  seat,  there  need  be 
no  fear  that  crushing  at  any  lower  plane  in  the  masonry  may 
be  caused  by  that  weight.  The  only  surfaces  that  need  be 
considered  are  the  bridge  seat,  the  bottom  of  the  pter,  where 
it  rests  on  the  footing;  and  the  base  of  the  footing.  The 
overturning  forces  cause  the  center  of  pressure  to  fall  near 
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the  edge  of  the  masonry,  and  the  danger  of  crushing  from^c^* 
this  cause  must  be  carefully  investigated. 

43.  Crashlngr  at  Brldgre  Seat. — In  determining  the  area^^""a 
of  bearing  of  the  bridge  on  the  masonry,  it  should  be  borne  ^^^s 
in  mind  that  the  load  is  not  generally  uniformly  distributed 
over  the  v^hole  area  of  bearing;  even  with  a  perfectly  rigid 
bearing  plate  there  may  be  a  greater  load  on  one  edge  than 
on  another,  on  account  of  the  deflection  of  the  bridge  unde: 
its  load,  or  on  account  of  the  overturning  forces.    Since  it  i 
impossible  to  compute  the  actual  distribution  of  the  pressure 
it  is  customary  to  take  into  account  only  the  vertical  load 
and  to  use  a  much  smaller  working  stress  than  would 
justifiable  if  the  uneven  distribution  could  be  properly  takei 
into  account.     On  this  basis,  a  working  pressure  of  aboui 
300  pounds  per  square  inch  is  commonly  used  for  limeston 
or  sandstone,  400  for  concrete,  and  500  for  granite.     Thi-      ■> 
gives  an  apparent  factor  of  safety  of  about  10  or  more. 

44.  Crushing  at  Liower  Sections. — In  considering  the ^ 

crushing  strength  of  a  pier  at  any  horizontal  plane  belo\"  ^ 
the  bridge  seat,  it  is  necessary  to  take  into  account  th^^"e 
uneven  pressure  due  to  the  overturning  forces.  The  prin^^*-- 
ciples  involved,  including  the  rule  of  the  middle  third,  ar*  ^ 
fully  explained  in  Foundations ^  Part  1;  how  they  are  applie^^*l 
will  be  illustrated  by  an  example  to  be  given  presently. 

Crushing  of  the  masonry  at  special  places  may  also  b  ^e 
caused  by  other  agents  than  the  forces  heretofore  considerecf  ^^ 
as  by  blows  from  the  wheels  of  vehicles,  from  vessels,  ic^^^» 
etc.  These  causes  of  destruction  or  damage  will  be  take  "^p 
up  in  a  subsequent  article. 

45.  Failure  of  Foundation. — The  most  frequent  caui=— k^ 
of  failure  of  a  bridg:e  pier  or  abutment  is  a  poor  foundatioi^^» 
which  may  either  crush  entirely  under  the  load  so  as  to  cau^ssse 
a  settlement  of  the  structure,  or  yield  slightly  at  the  point  ^^i 
maximum  pressure,  and  so  increase  the  already  excessi^^^-^e 
overturning:   tendency   by  decreasing   the    leverage  of   tk'^^e 
vertical  forces  and  thus  decreasing  the  resisting  momer»  ^• 
The  subfoundation,   by  its  lack  of  uniformity,  may  cause 
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Uneven  settlement  and  the  rupture  of  the  masonry.  The 
Upheavinc:  tendency  of  frost  is  also  a  disturbing:  as:ent.  A 
subfoundation  that  may  have  enough  resistance  to  support 
the  load  may  fail  by  being  softened  or  washed  away  by  the 
current,  if  in  a  running  stream.  A  flood  may  sometimes 
cause  the  undermining  of  a  structure  that  at  ordinary  stages 
of  the  water  is  far  away  from  the  water. 


FORCES    TO    BE    RESISTED 

46.  wind. — In  the  design  of  a  bridge  and  its  supports, 
it  is  customary  to  provide  for  a  wind  pressure  of  50  pounds 
per  square  foot  of  exposed  surface  when  there  are  no  loads 
on  the  bridge,  or  an  alternative  pressure  (for  railroad  bridges 
only)  of  30  pounds  per  square  foot  on  the  exposed  surface 
of  the  bridge  and  the  loads  combined  when  there  are  loads 
on  the  bridge.  The  pressure  of  50  pounds  per  square  foot 
corresponds  to  a  velocity  of  over  100  miles  per  hour,  and  is 
equivalent  to  a  hurricane  that  would  be  commonly  reported 
as  "destroying  everything  in  its  path."  Such  wind  is  of 
extremely  rare  occurrence,  but  since  it  may  occur  at  any 
time,  even  if  for  a  very  short  time  only,  it  must  be  provided 
for.  The  alternative  pressure  of  30  pounds  per  square  foot 
corresponds  to  a  velocity  of  over  80  miles  per  hour,  and  is 
the  greatest  pressure  considered  on  moving  loads,  such  as 
railroad  cars,  since  it  is  sufficient  to  overturn  empty  cars; 
and  it  is  assumed  in  practice  that  if  the  wind  blows  harder 
than  this,  it  will  be  impossible  to  operate  cars  or  other  vehi- 
cles, so  that  there  will  probably  be  no  loads  on  the  bridge. 

In  determining  the  total  pressure  on  a  bridge,  the  intensity 
is  multiplied  by  the  exposed  area.  This  area  is  usually  taken 
equal  to  the  area  of  the  longitudinal  vertical  projection  of  the 
bridge,  and  is  found  by  multiplying  the  width  of  each  mem- 
ber by  its  length;  in  a  truss  bridge,  the  sum  of  the  areas  of 
all  the  trusses  should  be  taken.  In  the  design  of  highway 
bridges,  the  exposed  area  of  the  loads  is  usually  very  small 
in  comparison  with  the  exposed  area  of  the  bridge,  and  it  is 
cnstomary  to  neglect  it.    In  railroad  bridges,  the.cars  present 
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a  vertical  surface  about  10  feet  hicfh  and  for  the  full  length  of 
an  ordinary  bridge.  This  gives  30  X  10,  or  300,  pounds  per 
linear  foot  wind  pressure  on  a  train  of  cars.  For  ptuposes 
of  computation,  this  pressure  is  treated  as  a  single  force 
acting  through  the  center  of  pressure,  which  is  from  6  to 
9  feet  above  the  rail.  In  what  follows,  the  center  of  pres- 
sure will  be  assumed  to  be  7  feet  above  the  top  of  the  rail. 

47.  Current  of  Stream. — The  pressure  of  the  water  in 
a  flowing  stream  is  given  by  the  following  approximate 
formula: 

/>  =  ^  =  2.96F-.  (1) 

in  which  p  =  pressure,  in  pounds  per  square  foot,  of  exposed 
surface  normal  to  the  current; 
V  =  velocity  of  current,  in  feet  per  second; 
y  =  velocity  of  current,  in  miles  per  hour. 
The  velocity  of  the  current  varies  with  the  depth,  being 
greatest  near  the  surface  and  much  less  at  the  bottom  of  the 
stream.     Between  these  depths  it  varies  approximately  as 
the  square  root  of  the  distance  from  the  bottom.    This  makes 
the  intensity  of  pressure  due  to  the  current  vary  approxi- 
mately as  the  distance  from  the  bottom,  and  the  average  pres- 
sure is  usually  assumed  as  about  one-half  that  at  the  surface, 
with  the  center  of  pressure  at  two-thirds  the  height  from  the 
bottom  to  the  top  of  the  stream.    In  a  pier  having  a  cutwater 
with  inclined  sides,  the  resistance  to  the  flow  of  the  water, 
and  consequently  the  pressure  at  the  end,  are  reduced.    The 
pressure  on  the  end  of  such  a  pier  is  usually  assumed  to 
be  three-quarters  of  the  pressure  on  a  pier  with  a  square 
end.     For  a  pier  with  a  cutwater,  formula  1  may,  therefore, 
be  written 

p  =  1.03  z;*  =  2.22  F-  (2) 

The  pressure  decreases  from  the  surface  to  the  bed  of  the 
stream  the  same  as  for  a  square-ended  pier. 

Let  />•  =  intensity  of  pressure  at  surface,  in  pounds  per 
square  foot; 

velocity  of  flow  at  surface  in  I**'?*  P*""  ««<=°°^= 

Imiles  per  hour; 
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A  =  area,  in  square  feet,  of  section  of  pier  made  by 
a  plane  perpendicular  to  the  current,  between 
the  surface  and  the  bottom  of  the  stream; 
P^  total  pressure,  in  pounds,  on  the   submerged 
portion. 
Then,  since  the  average  intensity  of  pressure  is  i/„ 

P^\Ap.  (3) 

The  value  of  /•  is  found  by  substituting  z;,  or  V.  in  for- 
txiula  1  or  in  formula  2,  according  to  the  character  of  the 
end.  Making  the  substitution,  formula  3  becomes,  for 
square-end  piers, 

p  ^  mAv.^  =  1A8A  v: 

or,  practically, 

P=  JAv.'  =  1.3  A  y.'  (4) 

For  piers  with  cutwaters, 

P=  .52  A  V.'  =  1.11^  K* 
or,  practically, 

P  =  .5Av.'  =  1.1  A  K"  (5) 

As  already  stated,  the  center  of  pressure  is  taken  at  a 
distance  from  the  bottom  equal  to  two-thirds  of  the  distance 
between  the  bottom  and  the  surface. 

48.  Ice  and  Drift. — In  cold  climates,  ice,  and  in  all 
climates,  drift,  may  pack  around  the  pier,  and,  by  adhering  to 
it,  present  a  much  wider  obstruction  to  the  current  than  does 
the  pier  alone.  In  some  cases,  a  dam  may  be  formed  by  the 
ice  or  drift  packing  solid  from  pier  to  pier;  the  result  is  that 
the  obistruction  increases,  becoming  higher  and  higher,  until 
the  piers  fall  down  or  the  obstruction  is  forced  through  the 
opening  by  the  pressure  of  the  water.  Damage  may  also 
result  if  large  masses  of  ice  floating  with  high  velocities 
strike  the  pier;  in  this  case,  the  pier  may  be  turned  over  or 
part  of  it  may  be  torn  away.  There  is  also  an  element  of 
danger  in  the  expansion  of  water  when  freezing.  If  the 
entire  surface  of  the  water  between  two  piers  freezes  to  a 
considerable  depth,  there  will  be  a  pressure  on  each  pier, 
which,  tinder  some  conditions,  may  be  sufficient  to  dislodge 
them. 


80  BRIDGE  PIERS  AND  ABUTMENTS 

The  dans:ers  outlined  in  the  preceding  paragraph  {ire  real 
dangers  and  should  never  be  ignored  or  minimized  in  the 
design  of  piers.  The  history  of  bridge  failures  and  disasters 
shows  that  more  failures  have  been  due  to  the  collapse  of 
the  piers  on  account  of  ice  and  drift  than  to  any  other  one 
cause.  Owing  to  the  extreme  difficulty  in  obtaining  definite 
information  regarding  the  amount  of  these  forces,  it  is  practi- 
cally impossible  to  give  any  values  that  will  be  of  help  to 
the  designer.  Provision  is  usually  made  by  the  use  of  a 
large  factor  of  safety. 

49.  With  regard  to  the  method  of  providing  against  these 
dangers,  it  may  be  said  that  the  problem  is  one  of  judgment 
rather  than  of  computation.  Each  case  must  be  considered 
by  itself,  and  all  the  conditions  and  possibilities  fully  studied 
before  locating  the  piers.  In  many  cases,  the  danger  from 
ice  and  drift  will  be  the  determining  factor  in  the  location  of 
the  piers,  and  may  result  in  the  selection  of  a  single  span 
over  the  waterway,  in  order  to  keep  the  piers  safe.  In  any 
case,  the  problem  is  rather  one  for  the  experienced  engineer 
than  for  the  draftsman  or  designer.  A  young  engineer 
should  not  hesitate  to  seek  advice  from  more  experienced 
engineers  when  he  has  a  problem  of  this  kind. 

50.  Centrifugal  Force. — In  railroad  bridges  on  which 
the  track  is  curved,  the  centrifugal  force  /'of  a  train  causes 
an  outward  thrust,  the  magnitude  of  which  is  given  by  the 
formula 

F  =  .00001167  VWW,  (1) 

in  which    V  =  velocity  of  train,  in  miles  per  hour; 

D  =  degree  of  curve; 

W  =  weight  of  train. 
For  practical  work,  the  following  formula  may  be  used 
(see  Bridge  Specifications)', 

F^^-^^^A^WD         (2) 

Formula  2  provides  for  about  61  miles  per  hour  for  a 
1*  curve,  55  miles  per  hour  for  a  5^  curve,  and  46  miles  p^' 
hour  for  a  10°  curve,  which  are  as  high  speeds  as  usually 
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obtain.     The  centrifug:al  force  F  is  usually  assumed  to  act 
about  6  feet  above  the  top  of  the  rail. 

51.  IiOnf<ltudlnal  Tlirust. — The  loncfitudinal  thrust  is 
due  to  the  friction  of  the  wheels  on  the  rails.  When  a  loco- 
motive is  on  a  bridg:e  and  is  exerting  its  maximum  tractive 
force,  the  rails  transmit  an  equal  force  to  the  bridge,  and  the 
latter  transmits  it  to  the  supports.  The  tractive  force  has 
been  found  in  some  cases  to  be  as  high  as  37  per  cent,  of  the 
total  weight  on  the  drivers  of  the  locomotive.  When  the 
brakes  of  a  train  are  set,  the  wheels  tend  to  slide  on  the  rails, 
and  this  causes  a  frictional  force  that  is  transmitted  to  the 
supports.  In  practice,  it  is  customary  to  assume  that  the 
greatest  longitudinal  thrust  that  need  be  provided  for  is  equal 
to  20  per  cent,  of  the  greatest  vertical  load  that  can  come  on 
the  bridge.  The  longitudinal  thrust  is  usually  considered  as 
a  single  horizontal  force  acting  above  the  pier  at  the  height 
of  the  bridge  seat;  it  should  never  be  neglected,  as  it  acts  in 
the  direction  in  which  the  pier  is  weakest. 

The  longitudinal  thrust  is  transmitted  to  the  piers  and 
abutments  of  the  fixed  ends  of  the  spans.  The  expansion 
ends,  especially  of  long  spans,  are  provided  with  rollers,  so 
these  ends  cannot  be  relied  on  to  transmit  any  of  the  thrust. 
For  this  reason,  it  is  necessary  to  consider  the  arrangement 
of  the  spans  and  find  out  which  will  be  expansion  and  which 
fixed  ends.  In  case  two  fixed  ends  come  on  the  same  pier, 
that  pier  must  be  designed  to  provide  for  the  longitudinal 
thrust  coming  from  two  spans. 


ILLUSTRATIVE    EXAMPLS 

52.  Data. — Let  the  pier  shown  in  Fig.  16  support  the 
fixed  ends  of  two  150-foot  spans  of  a  single-track  railroad 
bridge  on  a  tangent.     Let  the  data  be  assumed  as  follows: 

Dimensions  as  given  in  figure,  determined  from  practical 
considerations. 

Weight  of  granite  masonry,  150  pounds  per  cubic  foot. 

Weight  of  bridge,  2,500  pounds  per  linear  foot. 


Pig.  16 
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Surface  of  each  truss  exposed  to  the  wind,  8  square  feet 
per  linear  foot. 

Surface  of  brids:e  floor  exposed  to  the  wind,  4  square  feet 
per  linear  foot. 

Minimum  weig:ht  of  train,  800  pounds  per  linear  foot. 

Maximum  weig:ht  of  train,  4,000  pounds  per  linear  foot. 

Velocity  of  the  current  at  the  surface  of  the  water,  6  miles 
per  hour. 

Ice  and  drift  collected  about  the  up-stream  end  of  the  pier 
for  a  depth  of  6  feet  below  high-water  level,  and  for  an 
average  width  of  18  feet. 

It  is  required  to  determine  the  stability  of  the  pier  in 
regard  to  overturning  and  sliding,  and  also  to  find  the 
maximum  intensity  of  pressure  on  the  foundation. 

53.  Overturning. — In  investigating  the  factor  of  safety 
against  overturning,  it  is  necessary  to  consider  overturning 
moments  in  both  directions  of  the  pier;  that  is,  at  right 
angles  and  parallel  to  the  axis  of  the  bridge.  It  is  also 
necessary  to  consider  the  two  conditions  of  a  loaded  and  an 
unloaded  bridge. 

In  discussing  this  subject,  three  cases  will  be  considered. 
In  Case  I,  the  wind  pressure  is  taken  as  30  pounds  per 
square  foot  (see  Art.  46);  in  Case  II,  it  is  taken  as  50  pounds 
per  square  foot.  In  Case  I,  it  is  customary  to  use  the 
weight  of  an  empty  train,  since  the  overturning  moment 
is  then  the  same  as  though  a  full  train  were  considered,  and 
the  resisting  moment  will  be  less.  The  axis  of  moments 
will  be  taken  along  one  edge  of  the  bottom  of  the  footing. 
Case  III  will  deal  with  the  overturning  tendency  of  the  forces 
parallel  to  the  axis  of  the  bridge. 

54.  Overturnlnsr    Moments    of    Wind    Pre s sure x 

Case  !• — The  wind  pressure  on  the  train  is  equal  to  300 
pounds  per  linear  foot,  applied  7  feet  above  the  top  of  the 
rail  (Art.  46).  The  pressure  on  one-half  of  each  span  may 
be  assumed  to  be  transmitted  to  the  pier;  this  makes  the 
total  wind  pressure  on  the  train  300  X  (75  +  3  -f  75)  =  45,900 
pounds,  acting  at  a  distance  (see  Fig.  16,  side  elevation)  of 
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7  +  4+1  +  22 +  3  +  2  + 16 +  2  +  4  =  61  feet  above  the 
bottom  of  the  footing.  The  overturning  moment  of  this 
pressure  is,  then, 

45,900  X  61  =  2,799,900  foot-pounds 

The  wind  pressure  on  the  floor  is  30  X  4  =  120  pounds  per 
linear  foot,  applied  2  feet  below  the  top  of  the  rail.  Then, 
the  total  wind  pressure  on  the  floor  is 

120  X  (75  +  3  +  75)  =  18,360  pounds 

(The  distance  of  3  feet  between  the  centers  of  bearings  of 
the  trusses  is  usually  counted  in  computing  wind  pressure, 
because  the  floor  and  truss  members  project  beyond  the 
theoretical  ends.)  The  distance  from  the  center  of  this 
pressure  to  the  bottom  of  the  pier  is  61  —  7  —  i  =  52  feet. 
Then,  the  overturning  moment  of  this  pressure  is 
18,360  X  52  =  954,700  foot-pounds 

The  wind  pressure  on  each  truss  is  30  X  8  =  240  pounds 
per  linear  foot,  and  where,  as  in  this  case,  there  is  a  train 
on  the  bridge,  it  is  assumed  that  there  is  no  shelter  for  the 
leeward  truss;  hence,  the  total  wind  pressure  on  the  trusses 
transmitted  to  the  pier  is  2  X  240  X  (75  +  3  +  75)  =  73,440 
pounds.  This  pressure  will  be  assumed  to  be  concentrated 
half  way  between  the  chords  of  the  trusses;  that  is,  38  feet 
above  the  bottom  of  the  pier.  Then,  the  overturning  moment 
of  this  pressure  is 

73,440  X  38  =  2,790,700  foot-pounds 

In  calculating  the  pressure  of  the  wind  on  the  pier,  and 
that  of  the  water  current,  it  is  inadvisable  to  waste  time  in 
any  unnecessi.ry  refinement,  as  the  values  of  the  wind  and 
water  pressures  are  but  roughly  approximate.  The  width  of 
the  pier  subjected  to  the  pressure  of  the  wind  is  6  feet 
6  inches  at  the  bridge  seat,  6  feet  at  the  bottom  of  the 
bridge-seat  course,  and  6  feet  8  inches  at  high-water  level; 
then,  for  purposes  of  calculation,  a  uniform  width  of  6  feet 
6  inches,  or  6.5  feet,  may  be  used,  and  the  center  of  wind 
pressure  taken  3  feet  below  the  bridge  seat.  Then,  the 
exposed  area  is  6  X  6.5  =  39  square  feet,  and  the  wind 
pressure  is  30  X  39  =  1,170  pounds,  the  center  of  which  may 
be  taken  as  4  +  2+ 16  +  2-3  =  21  feet  above  the  bottom 
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of  the  pier.     The  overturning  moment  of  this  pressure  is, 
then, 

1,170  X  21  =  24.600  foot-pounds 

55.  Overtnrnlngr  Moment  of  Pressure  Due  to 
Ourrentx  Case  I. — The  intensity  of  pressure  due  to  the 
current  is  given  by  formula  1,  Art.  47.  In  the  present 
case,  since  the  velocity  of  the  watsr  at  the  surface  is  6  miles 
per  hour,  the  pressure  at  the  surface  is  2.96  X  6*  =  106.56 
pounds  per  square  foot. 

The  intensity  decreases  uniformly  with  the  depth,  being 

• — ^ —  =  53.28  pounds  per  square  foot  at  the  bottom  of  the 

ice  and  drift,  half  way  between  the  surface  and  the  bottom. 
Then,  since  the  exposed  area  of  the  ice  and  drift  is  given  in 
the  data  as  6  X  18  =  108  square  feet,  the  total  pressure  is 
108  X  (106.56 +  53.28J  ^  g  ggj  ^^^^^^ 

If  p  represents  the  intensity  of  pressure  at  the  surface,  pt 
the  intensity  of  pressure  at  the  bottom  of  the  ice,  and  di  the 
distance  from  the  surface  to  the  bottom  of  the  ice,  the  dis- 
tance ;r.  from  the  surface  to  the  center  of  pressure  is  given 
by  the  formula 

^  (2A-h^)^. 

In  the  present  case,  ^  =  106.56,  A  =  53.28,  and  </»  =  6  feet 
Substituting  in  the  formula  gives 

2  X  53.28  +  106.56  ^  ^       „.  .. 
^-  =  3753728  +  106.56)"  ^  ®  =  ^*  ^""' 
Then,  the  distance  from  the  center  of  pressure  to  the  bot- 
tom of  the  pier  is  4  +  2  +  12  —  2}  =  15i  feet,  and  the  over- 
turning moment  of  the  pressure  on  the  ice  and  drift  is 
8,631  X  15i  =  132,300  foot-pounds 
The  pressure  of  the  water  on  the  pier  below  the  ice  and 
drift  remains  to  be  considered.     It  has  already  been  found 
that  the  intensity  of  this  pressure  at  the  bottom  of  the  ice  is 
53.28  pounds  per  square  foot;  this  value  may  be  substituted 
for  A  itt  formula  3,  Art.  47,  which  gives 
P=  iX  53.28  A 
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The  exposed  area  is  6  feet  high  and  from  7  feet  8  inch^^s 
to  8  feet  8  inches  in  width.  The  area  is,  then,  6  X  8i  =  M^  9 
square  feet;  and,  therefore, 

/>  =  i  X  53.28  X  49  =  1,305  pounds 

This  pressure  may  be  assumed  to  be  concentrated  at  on^^- 
third  the  distance  from  the  bottom  of  the  ice  to  the  botto-«rTi 
of  the  river;  that  is,  4  feet  above  the  latter,  or  10  feet  abo^^^e 
the  bottom  of  the  footing:.  Then,  the  overturning:  mome^nnt 
due  to  this  part  of  the  pressure  is 

1,305  X  10  =  13,100  foot-pounds 

56*  Total  Overturning:  Moment:  Case  I. — The  to^^al 
overturning  moment  can  now  be  found  by  adding:  the  ^^iz 
products  just  found.     It  is  as  follows: 

POOT-POUNDS 

Wind  on  train 2,799,900 

Wind  on  floor 954,700 

Wind  on  trusses 8,790,700 

Wind  on  pier 24,600 

Water  on  ice  and  drift *.    .    .  132,300 

Water  on  pier  below 13,100 

Total  overturning  moment 6,715,300 

If  the  track  were  on  a  curve,  the  centrifugal  force  of  ^c 
train  would  be  computed,  and  its  moment  about  the  base  of 
the  footing:  added  to  the  moment  already  found. 

57.  Resistance  to  Overturningj    Case  I. — The  resist- 
ance to  overturning  is  provided  by  the  weight  of  the  train, 
bridge,  and  pier.     The  resisting  moment  of  each  is  found  by 
multiplying  the  weight  by  the  distance  of  a  vertical  line        j 
through  its  center  of  gravity  from  the  down-stream  lower       j 
edge  of  the  footing. 

58.  Resisting:  Moment  Due  to  Welgrbt  of  Bridge 
and  Cars:  Case  I. — It  will  be  assumed  that,  when  both 
spans  supported  by  the  pier  are  fully  loaded,  one-half  the 
load  on  each  span,  together  with  3  feet  between  the  spans, 
is  supported  by  the  pier,  which  makes  the  total  weight 
of  unloaded  or  empty  cars  800  X  (76  +  8  +  75)  =  122,400 
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Pounds.  The  horizontal  distance  from  the  center  of  the 
^ack  to  the  lower  edge  of  the  footing  is  seen  in  Fig.  16  to 
^  17  feet;  then,  the  resisting  moment  of  the  empty  train  is 
122,400  X  17  =  2,080,800  foot-pounds 
In  a  similar  manner,  the  resisting  moment  of  the  bridge  is 
found  to  be 

2,500  X  (75  +  3  +  75)  X  17  =  382,500  X  17 
=  6,502,500  foot-pounds 

59.  Resisting:  Moment  Due  to  Weigrlit  of  Pier: 
Case  I. — The  weight  of  the  pier  must  be  computed  in  two 
parts.  The  part  above  the  water  level  is  taken  at  its  actual 
x^eight.  The  part  immersed  in  water  is  decreased  in  weight 
€>n  account  of  the  buoyant  effort  of  the  water;  deduction  is 
made  by  decreasing  the  weight  per  cubic  foot  of  the  masonry 
"by  62.5  pounds,  the  weight  of  a  cubic  foot  of  water. 

The  accurate  calculation  of  the  location  of  the  center  of 
Zravity  for  each  part  of  the  pier  is  very  tedious,  and  it  is 
sufficiently  accurate 
in  practice  to  make 
use  of  an  approxi- 
mate method  that  re- 
quires less  work  and 
gives  close  enough  Fio.  17 

results.  In  the  present  case,  the  pier  may  be  assumed  to  be 
composed  of  horizontal  layers  2  feet  thick,  each  layer  having 
a  uniform  horizontal  cross-section  equal  to  that  at  the  center 
of  its  height,  and  the  center  of  gravity  being  taken  at  the 
center  of  symmetry.  The  horizontal  cross-section  of  each 
layer  with  pointed  ends  will  then  have  the  appearance  shown 
in  Fig.  17,  the  area  A  being  given  by  the  formula: 


T 

1 
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The  values  of  c,  a,  a',  and  d  for  the  different  layers  can  be 
calculated  from  the  dimensions  of  the  pier  given  in  Fig.  16. 

Commencing  with  the  bridge-seat  course,  and  continuing 
downwards,  the  volumes  of  the  layers  2  feet  thick  are  as 
follows: 
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Bridge-seat  course, 

First  2-foot  layer, 

2  X  [(2(y  4"  +  ^'L±K^\  X  6'  2''1       =  288.81  cu.  ft. 

Second  2-foot  layer, 

2  X  [(2r  +  ^!J!1±^!J!!\  x  &  &'^         =  315.25  cu.  ft. 

Third  2-foot  layer, 

2  X  [  (2I'  8''  +  3^  y^  +  y  5^^\  ^  g,  jQ„1      ^  342.81  cu.  ft. 

Fourth  2-foot  layer, 

2  X  [(22'  4"  +  3'  7^'  +  y  7''\  X  7'  2''1       =  371.47  cu.  ft. 

Fifth  2-foot  layer, 

2  X  [(23'  -t-  3'  y'  +  3'  9''\  X  7'  6"!  =  401.25  cu.  ft. 

Sixth  2-foot  layer, 

2  X  [(23'  8'^  +  ^'J^-  +-^-^^-^  X  7'  10"!  =  432.14  cu.  ft. 

Seventh  2-foot  layer, 

2  X  [(24'  4''  +  ^_ll±A!Jl\  X.8'  2''1        =  464.14  cu.  ft. 

Eighth  2-foot  layer, 

2  X  [(25'  +  ^131±J^\  X  8'  6"!  =  497.25  cu.  ft. 

Ninth  2-foot  layer, 

2  X  [(sO'  8''  +  ?^''-t-2-'^'\  X  9'  10"!      =  650.64  cu.  ft. 

The  base,  4  feet  deep,  may  be  considered  as  one  layer: 
4  X  37  X  11  =  1,628  cubic  feet 

The  resisting:  moment  of  the  portion  above  the  water 
will  now  be  found  by  multiplyingr  the  volume  of  each  of  the 
layers  by  the  assumed  weight  of  the  masonry,  150  pounds  per 
cubic  foot,  and  then  multiplying  each  of  these  products  by 
the  lever  arm  of  the  respective  layer.     The  resisting  moment 
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f  the  portion  in  the  water  will  be  found  by  multiplying  the 
olume  of  each  layer  by  150  —  62.5,  or  87.5,  pounds  per 
abic  foot,  and  then  multiplying  each  product  by  the  lever 
rm  of  that  layer.     The  resisting  moments  are  as  follows: 

Bridge-seat  course,  Foot-Pounds 

(305.5  X  150)  X  IT  =  45,825  X  IT    =       779,026 

First  2-foot  layer, 

(288.81  X  150)  X  17'  V'  =  43,322  X  17'  V    =       740,084 

Second  2-foot  layer, 

(315.25  X  150)  X  17' 3''  =  47,288  X  17' 3"    =       816,718 

Third  2-foot  layer, 
(342.81  X  150)  X  17'  5"  =  51,422  X  17' 5"    =       896,600 

Fourth  2-foot  layer, 
(371.47  X  87.5)  X  17'  7"  =  32,504  X  17'  7"    =       671,630 

Fifth  2-foot  layer, 
(401.25  X  87.5)  X  17' 9"  =  35,109  X  17' 9"    =       623,185 

Sixth  2-foot  layer, 
432.14  X  87.5)  X  17'  11"  =  37,812  X  17'  11"  =       677,465 

Seventh  2-foot  layer, 
(464.14  X  87.5)  X  18'  1"  =  40,612  X  18'  1"    =       734,400 

Eighth  2-foot  layer, 
(497.25  X  87.5)  X  18' 3"  =  43,509  X  18' 3"    =       794,039 

Ninth  2-foot  layer, 

(650.64X150)  X  18' 6"  =  97,596x18' 6"    =    1,805,526 

Base  layer, 

(1,628  X  150)  X  18' 6"  =  244,200  X  18' 6"  =    4,517,700 

Total,  12,954,300 

The  total  moment  is  given  to  six  significant  figures,  as  a 
loser  value  would  be  an  unnecessary  refinement. 

60.  Total  Resisting:  Moment:  Case  I. — The  total 
esisting  moment  is  equal  to  the  sum  of  those  just  found, 
nd  is  as  follows: 

FOOT-PoUNDS 

Weight  of  empty  train 2,080,800 

Weight  of  bridge 6,502,500 

Weight  of  pier ...  12,954,300 

Total  resisting  moment 21,637,600 

136—30 
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61.  Factor  of  Safety  Ag:alii8t  Overtarning::  Case  I. 
Dividing  the  total  resisting  moment  found  in  the  preceding 
article  by  the  total  overturning  moment  found  in  Art.  66 
gives  for  the  factor  of  safety  against  overturning 

21,537,600  ^  32 
6,715,300 

62.  Overturning:  Moments:    Case  II. — In  the  second 

case,  it  is  assumed  that  there  is  no  train  on  the  bridge,  and 
so  there  is  no  overturning  moment  due  to  the  wind  pressure 
on  the  train.  The  wind  pressure  in  this  case  is  assumed  to 
be  50  pounds  per  square  foot  (Art.  46);  therefore,  the  over- 
turning moments  due  to  this  pressure  on  the  bridge  and  on 
the  pier  can  be  found  by  multiplying  those  found  in  Art.  54 
by  M.  This  gives  the  moments  as  follows: 
Wind  on  floor, 

954,700  xU  =  1,591,200  foot-pounds 
Wind  on  trusses, 

2,790,700  X  M  =  4,651,200  foot-pounds 
Wind  on  pier, 

24,600  X  f*  =        41,000  foot-pounds 
The  overturning  moments  due  to  the  current  are  the  same 
as  found  in  Art.  55.    Then,  the  total  overturning  moment  is 
1,691,200  +  4,651,200  +  41,000  +  132,300  +  13,100 
=  6,428,800  foot-pounds 

63.  Resisting   Moments:     Case    II. — The    resisting 

moments  in  this  case  are  the  same  as  before,  with  the  excep' 
tion  of  that  due  to  the  weight  of  the  train,  which  is  here 
omitted.     The  total  resisting  moment  is,  then: 

FoOT-PoUNDS 

Weight  of  bridge 6,502,500 

Weight  of  pier 12,954,300 

Total  resisting  moment 19,456,800 

64.  Factor  of  Safety  Against  Overturning:     Case  II. 

The  factor  of  safety  against  overturning,  in  this  case,  is 
19.456.800  ^  3 
6,428,800 
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65.  Overtarning:  Parallel  to  Axis  of  Bridgrex 
Case  HI. — The  principal  force  tending  to  overturn  the  pier 
in  the  direction  of  the  bridge  is  the  longitudinal  thrust  of  the 
train.  Under  some  conditions,  wind  may  blow  approximately 
in  the  direction  of  the  bridge,  but  the  eflEect  of  this  force  is 
so  small  compared  with  the  longitudinal  thrust  that  it  can  be 
neglected  with  safety.  In  order  to  get  the  greatest  force, 
the  maximum  weight  of  the  train  (4,000  pounds  per  linear 
foot.  Art.  52)  must  be  used.  Since  the  pier  supports  two 
fixed  ends  (Art.  52),  the  weight  of  306  feet  of  train,  or 
1,224,000  pounds,  may  be  assumed  to  affect  one  pier. 
Then  (Art.  51),  the  longitudinal  thrust  is  .20  X  1,224,000 
=  244,8(X)  pounds,  acting  horizontally  at  the  bridge  seat,  or 
24  feet  above  the  bottom  of  the  footing.  Half  of  this  is 
usually  assumed  to  be  resisted  by  the  rails.  The  other  half 
causes  an  overturning  moment  about  the  lower  side  edge 
of  the  footing,  whose  value  is 

122,400  X  24  =  2,937,600  foot-pounds 

66*  Resisting:  Moment:  Case  III. — The  resisting 
moment  is  provided  by  the  weight  of  the  bridge  and  trains 
for  a  distance  of  76  +  3  +  75  feet,  and  by  the  weight  of  the 
pier.  The  resisting  moment  offered  by  the  bridge  and 
train  is 

(2,500  +  4,000)  X  153  X  5.5  =  5,469,750  foot-pounds 

The  weight  of  the  pier,  making  allowance  for  the  buoyant 
effort  of  the  water,  can  be  found  from  Art.  59  to  be  719,2(X) 
pounds.  The  resisting  moment  due  to  this  weight  is 
719,200  X  5.5  =  3,955,600  foot-pounds.  The  total  resisting 
moment  is 

5,469,750  +  3,955,600  =  9,425,400  foot-pounds 

67*     Factor  of  Safety  Against  Overturning::  Case  III. 

Dividing  the  resisting  moment  by  the  overturning  moment 
gives  the  factor  of  safety  against  overturning: 

9,425,400  ^32 

2,937,600 

68.  Sliding. — The  horizontal  forces,  such  as  wind  pres- 
sure and  longitudinal  thrust,  tend  to  make  the  upper  part  of 
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the  pier  slide  on  the  lower  part*  The  resistance  to  sliding 
is  equal  to  the  vertical  load  multiplied  by  the  coefiBcient  of 
friction.  The  coefficient  of  friction  for  granite  may  be  taken 
as  .65.  Three  cases  must  be  considered,  in  the  same  way  at 
in  the  case  of  overturning, 

69.  Factor  of  Sarety  Against  SliatniD^s  Case  I, — The 

horizontal  forces  in  this  case  have  been  found  in  the  prece- 
ding pages.  They  are:  wind  on  train,  45»900  pounds;  wind 
on  floor,  18,360  pounds;  wind  on  trusses,  73,440  pounds; 
wind  on  pier,  1,170  pounds;  water  on  ice  and  drift,  8,631 
pounds;  water  on  pier,  1,305  pounds;  total,  148,800  pounds. 
The  vertical  loads  are  as  follows:  weight  of  empty  train, 
122,400  pounds;  weight  of  bridge*  382,500  pounds;  weight  of 
pier,  719,200  pounds;  total,  1,224,100  pounds.  Then,  the 
resistance  to  sliding  is  1,224,100  X  .65  =  796,665  pounds, 
and  the  factor  of  safety  against  sliding  is 

795^65  ^  .  3 

148,800 

70.  Factor  of  Safety  Airalnst  Slidiniei  Case  11.-— The 
horizontal  forces  in  this  case  can  be  found  in  the  same 
way  as  in  the  preceding  pages.  They  are:  wind  on  floor, 
f8  X  18,360  ^  30,600  pounds;  wird  on  trusses,  U  X  73,440 
=  122,400  pounds;  wind  on  pier^  ^  X  1,170  =  1,950  pounds; 
water  pressure,  9,936  pounds;  total,  164,900  pounds. 

The  vertical  loads  arel  as  loUows:  weight  of  bridge, 
382,500  pounds;  weight  of  pier,  719,200  potinds;  total, 
1,101,700  pounds.  Then,  the  resistance  to  sliding  is 
1,101,700  X  .65  ^  716,100  pounds,  and  the  factor  of  safety 
against  sliding  is 

Tie.jmo  ^43 

164,900         ' 

71 1     Factor  of  Safety  Ap^alnst  BllcUn^:     Case  III, 

The  only  horizontal  force  that  need  be  considered  in  the 
present  case  is  the  longitudinal  thrust  of  122,400  pounds 
(Art.  65).  The  vertical  forces  are  as  follows:  weight  of 
train  and  bridge,  6,500  X  153  =  994,500  pounds;  weight  of 
pier,  719,200  pounds;    total,  1,713,700  pounds.     Than,  the 
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^sistance  to  sliding  is  1,713,700  X  .66  =  1,113,900  pounds, 
^Ud  the  factor  of  safety  as^ainst  sliding:  is 

1,113,900    ^     g. 

122,400 

72.  SlldinfiT  on  Foundation. — In  the  three  precedinsr 
articles,  the  entire  weic:ht  of  pier  was  used,  so  that  the 
factor  of  safety  relates  to  a  surface  at  or  near  the  bottom  of 
the  pier.  The  tendency  to  slide  is  sfreater  at  the  bottom 
than  at  any  other  heic:ht,  and  it  has  been  assumed  that  the 
pier  rested  on  rock.  Piers  of  the  size  under  consideration 
usually  extend  down  to  rock  or  very  hard  strata,  and  so  the 
method  outlined  will  g^ive  the  proper  factor  of  safety  if  the 
foundations  are  first  class. 

73.  Pressure  on  Subfoundation. — When  the  load  on  a 
pier  is  vertical  and  the  center  of  gravity  of  the  base  is  ver- 
tically under  the  center  of  the  load,  the  pressure  on  the 
subfoundation  is  evenly  distributed,  and  the  intensity  is  found 
by  dividing  the  load  by  the  area  of  the  base.     When  the 
center  of  gravity  of  the  base  is  not  directly  under  the  center 
of  the  load,  or  when  horizontal  forces  act  on  a  pier,  the 
pressure  is  unevenly  distributed  over  the  base.     The  eflEect 
of  horizontal  forces  is  shown  in  Figs.  18  and  19.     When  the 
only  load  on  a  pier  is  a  vertical  load,  the  line  of  action  of  the 
pressure  on  the  subfoundation  may  be  represented  by  the  ver- 
t:ical  line  Im.    When  a  horizontal  force  also -acts  on  the  pier, 
it  is  represented  by  the  line  In]   the  line  lo,  the  resultant 
K>t  Itn  and  In,  represents  the  line  qf  action  of  the  pressure  on 
the  base.     Fig.  18  shows  the  condition  when  the  horizontal 
force  is  at  right  angles  to  the  pier,  and  Fig.  19  shows  the 
condition  when  the  horizontal  force  is  parallel  with  the  pier. 

Under  these  conditions,  the  line  of  pressure  does  not  pass 
through  the  center  of  the  base,  and  the  intensity  of  pressure 
varies.  The  formulas  for  finding  the  maximum  and  minimum 
intensities  of  pressure  are: 

-        W ^%Wd  ^QM      W_^6(Wd  +  Af)  ,^. 


A        AL       AL       A  AL 
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in  which    px  =  maximum  intensity  of  pressure; 

/,  =  minimum  intensity  of  pressure; 

W  =  total  vertical  load; 

A  =  area  of  base  of  pier; 

d  =  eccentricity,  or  distance  from  center  of  grav- 
ity of  vertical  load  to  center  of  base; 

L  =  length  of  base  in  direction  of  horizontal  force; 

M  =  moment  of  horizontal  forces  about  base. 
In  order  to  find  the  maximum  intensity  of  pressure  on  the 
foundation,  two  cases  must  be  considered:     Case  I,  when 

ii 
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Fig.  18 


Fig.  19 


there  is  a  full  load  on  the  bridge  and  the  horizontal  forces 
are  greatest  and  acting  in  the  direction  of  the  pier;  Case  II, 
when  there  is  a  full  load  on  the  bridge  and  the  horizontal 
forces  acting  at  right  angles  to  the  pier  are  greatest. 
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74.  Formula  1  of  the  preceding  article  is  used  to  find 
the  maximum  intensity  of  pressure,  in  order  to  see  if  it 
exceeds  the  allowable.  Formula  2  is  of  interest  only  when 
the  maximum  intensity  of  pressure  is  greater  than  twice  the 
average  pressure;  in  this  case,  there  is  a  tendency  for  one 
end  of  the  pier  to  rise,  and  under  this  condition  water  may 
get  under  it  and  disturb  the  subfoundation. 

In  calculating  the  value  IVd  it  is  not  necessary  to  get  the 
location  of  the  center  of  gravity  of  the  vertical  loads.  It  is 
invariably  easier  to  multiply  each  vertical  load  by  the  distance 
from  its  line  of  action  to  the  center  of  the  base;  the  algebraic 
sum  of  all  these  products  is  equal  to  IVd. 

75.  Maximnm  Intensity  of  Pressure:     Case  I* 

The  value  of  L  is  given  in  Fig.  16  as  37  feet,  and,  since  the 
width  is  11  feet,  the  value  of  -<4  is  37  X  11  =  407  square  feet. 
The  value  of  IV  is  found  by  adding  the  weight  of  the  train, 
that  of  the  bridge,  and  that  of  the  pier,  the  last  being 
decreased  to  allow  for  the  buoyant  effort  of  the  water. 
Since  the  maximum  weight  of  the  train  is  4,000  pounds 
and  that  of  the  bridge  is  2,500  pounds  per  linear  foot 
(Art.  52),  their  combined  weight  is 

(4,000  +  2,500)  X  (75  +  3  +  75)  =  994,500  pounds 
The  weight  of  the  pier,  decreased  by  the  buoyant  effort 
of  the  water,  is  found  from  Art.  69  to  be  719,200  pounds. 
The.  value  of  IV  is,   then,   994,500  +  719,200  =  1,713,700 
pounds. 

76.  Since  the  vertical  loads  do  not  act  through  the  center 
of  the  base,  it  is  also  necessary  to  find  the  value  of  IVd. 
The  total  weight  of  bridge  and  train  that  comes  on  the  pier 
was  found  above  to  be  994,500  pounds.  This  acts  17  feet 
from  the  down-stream  end  of  the  pier  (see  Fig.  16);  that  is, 
1.5  feet  from  the  center,  making  the  value  of  JVd  for  this 
load  equal  to 

994,500  X  1.5  =  1,491,800  foot-pounds 
The  value  of  JVd  due  to  the  weight  of  the  pier  can  most 
easily  be  found  by  calculating  the  position  of  the  center  of 
gravity  of  the  pier.     Since  the  moment  of  the  weight  of  the 
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pier  about  the  down-stream  end  (Art  69)  is  12,954,300  fooC^^ 
pounds,  and  the  weight  of  the  pier  (Art.  66)  is  719,20^^ 
pounds,  the  distance  of  the  center  of  CT^vity  from  the  down  - — 
stream  end  is 

^^J?^JS!^  =  18.0121  feet 
719,200 

This  gives  18.5  -  18.0121  =  .4879  foot  for  the  distance^=^ 

from  the  center  of  gravity  of  the  pier  to  the  center  of  the^^ 

foundation,  and  the  value  of  IVd  for  this  load  is 

719,200  X  .4879  =  350,900  foot-pounds 

The  total  value  of  IVd  is,  therefore, 

1,491.800  +  350,900  =  1,842,700  foot-pounds 

The  moment  of  all  the  horizontal  forces  about  the  base 

is  the  same  as  the  overturning  moment  found  in  Art.  56; 

namely,    6,715,300    foot-pounds.     Substituting    the    proper 

values  in  formula  1,  Art.  73,  we  have 

,    ^  1,713,700      1,842,700X6      6,715,300x6 

^'  407       "*"      407x37  407X37 

=  7,620  pounds  per  square  foot 

Since  this  result  is  much  less  than  twice  the  average  value 

( —  =  4,211  pounds  per  square  foot),  it  is  not  necessary  to 
consider  the  minimum  intensity  of  stress 

77.     Maximum  Intensity  of  Pressure:     Case  II. — In 

this  case,  the  resultant  of  all  the  vertical  loads  passes  through 
the  center  of  the  base.  Then,  since  the  eccentricity  is  zero, 
the  third  term  in  formulas  1  and  2,  Art.  73,  becomes 
zero,  and  need  not  be  considered.  The  values  of  IV  and  A 
are  the  same  as  in  Case  I;  but  since  the  horizontal  forces  in 
this  case  are  assumed  to  act  at  right  angles  to  the  length  of  - 
the  pier,  Z,  =  11  feet.  The  moment  of  the  horizontal  forces 
about  the  base  is  the  same  as  that  found  in  Art.  65,  or 
2,987,600  foot-pounds.  Substituting  the  proper  values  in . 
formula  1,  Art.  73,  gives 

,    ^  1,713,700      2,937,600X6 
^"  407       ■*■      407X11 

=  8,148  pounds  per  square  foot 
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Since  this  is  less  than  twice  the  average  value,  it  is  not 
^^cessary  to  consider  the  minimum  intensity. 

78.     Horizontal  Forces  Acting:  in  Both  Directions. 

^K!^he  maximum  intensities  found  in  Cases  I  and  II  are  those 
^^at  occur  when  the  horizontal  forces  act  in  but  one  direc- 
tion.    Since  it  is  possible  for  them  to  act  in  both  directions 
^^t  the  same  time,  this  case  must  also  be  considered.    Under 
tlis  condition,  however,  since  it  will  probably  be  of  such 
^^are  occurrence,  the  intensity  of  pressure  is  allowed  to  exceed 
^the  working  pressure  by  25  per  cent.     In  Case  I,  the  maxi- 
:xnum  intensity  of  pressure  extends  for  the  full  width  of  the 
^ier  at  one  end;  in  Case  II,  the  maximum  intensity  of  pres- 
sure extends  for  the  full  length  of  the  pier  at  one  side.     The 
xnaximum  intensity  then  occurs  at  the  comer  where  these 
"two  edges  meet,  and  is  equal  to  the  sum  of  the  different 
terms  obtained  in  Arts.  76  and  77,  each  term  being  used 

IV 
l)ut  once.     For  example,   although  the  term  — -  occurs  in 

A 

each  case,  it  is  used  but  once  in  finding  the  sum.    Then,  the 
total  intensity  at  one  corner  is 

4,211  -t-  733  +  2,676  +  3,937  =  11,557  pounds  per  square  foot 
If  the  intensity  of  pressure  found  in  Cases  I  and  II  does 
not  exceed  the  safe  intensity,  and  if  that  just  found  does  not 
exceed  the  safe  intensity  by  more  than  25  per  cent.,  the 
design  is  assumed  to  be  safe.  Otherwise,  the  dimensions  of 
the  pier  are  increased  and  the  foregoing  computations 
repeated.  Although  the  maximum  intensity  found  by  com- 
bining the  two  cases  is  greater  than  twice  the  average,  no 
further  attention  need  be  paid  to  it.  This  high  pressure 
will  simply  affect  a  very  small  comer  of  the  pier. 


48  BRIDGE  PIERS  AND  ABUTMENTS  §82 


ABUTMENT    DESIGN 

79.  The  method  of  arriving  at  the  dimensions  of  an 
abutment  are  much  the  same  as  those  used  for  piers.  In  the 
first  place,  the  dimensions  necessary  to  satisfy  practical 
conditions  are  found;  then,  calculations  are  made  to  ascertain 
whether  the  abutment  satisfies  the  theoretical  conditions. 


PRACTICAL  CONSIDERATIONS 


GENERAL.    FEATURES 

80.  Classes  of  Abutments. — There  are  three  general 
classes,  or  forms,  of  abutments:  the  wing  abutment;  the 
T  abutment;  and  the  U  abjitmeni.  The  ^ving^  abutment  con- 
sists of  a  mass  of  masonry  extending  the  full  width  of  the 
bank  it  restrains.  It  usually  decreases  in  height,  from  the 
edges  of  the  bridge  to  the  fgot  of  the  bank.  Several  forms 
of  wing  abutments  are  shown  in  the  following  pages.  In  the 
T  abutment  there  is  a  face  wall,  called  the  head,  on  which 
the  bridge  rests,  and  a  wall  running  back  under  the  track  or 
road  to  the  top  of  the  bank,  as  shown  in  Figs.  20  and  21. 
This  wall  is  called  the  stem,  or  tail.  The  head  usually 
extends  beyond  the  stem  at  both  sides. 

In  the  U  abutment,  there  is  a  head  similar  to  that  in  the 
T  abutment;  instead  of  one  stem,  there  are  two  walls  running 
back  as  far  as  the  top  of  the  slope,  as  shown  in  Fig.  22.  These 
walls  are  even  with  the  outer  edges  of  the  roadway.  The 
space  between  the  walls  may  be  filled  with  earth  or  loose 
rock. 

81.  Bridpre  Seat. — As  in  the  case  of  piers,  the  first  thing 
to  be  considered  is  the  size  of  the  top  of  the  abutment.  An 
abutment  usually  supports  one  end  only  of  a  span,  so  the 
.width  of  the  bridge  seat  for  this  purpose  need  only  be  about 
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one-half  as  wide  as  that  of  a  pier.  On  account  of  the  parapet, 
the  bridge-seat  course  is  usually  continued  back  under  it.  The 
required  width  of  bridge  seat  and  the  width  of  the  parapet  at 
the  elevation  of  the  bridge  seat  control  the  width  of  the  top 
of  the  abutment.  The  ends  of  the  bridge  seat  are  carried  a 
few  feet  beyond  the  trusses,  or  girders,  or  to  the  edge  of  the 
roadway. 

82.  Parapet. — The  parapet,  or  back  wall,  of  an  abut- 
ment is  simply  a  retaining  wall  to  prevent  the  earth  above  the 
bridge  seat  from  falling  down.    In  order  to  keep  it  from 


1 1 
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tipping  over  or  sliding  forwards  on  account  of  the  pressure 
of  the  earth  and  of  the  traffic,  the  parapet  should  have  a 
width  at  the  bottom  of  from  .4  to  .5  the  height. 

For  a  distance  of  about  3  feet  down  from  the  top,  the  back 
of  the  parapet  should  be  given  a  smooth  batter,  usually  called 
the  frost  batter,  so  that  the  action  of  the  frost  cannot  move 
it.  The  face  of  the  parapet  should  be  set  back  far  enough 
from  the  end  of  the  bridge  so  that  that  end  will  not  hit  the 
parapet  when  the  bridge  expands.     A  distance  of  3  inches  is 
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nsnally  specified  as  the  closest  the  bfridee  must  ever  come  to 
the  parapet. 

83.  PedestAl  Blocks. — The  remaiks  given  in  Ait.  28 
with  res^ard  to  pedestal  blocks  for  piers  apply  to  those 
required  for  abatments.  When  nsed  on  abotments.  it  is 
advisable  to  have  one  snrface  of  the  block  in  contact  with 
the  parapet. 

84.  Pockets  In  Bridge  Seats. — Great  care  should  be 
taken  in  the  arranfi^ement  of  blocks  and  parapets  on  bridge 
seats  that  no  pockets  are  formed.  The  word  '^pocket**  is 
usually  applied  to  portions  of  the  work  where  dirt  may 
collect  and  from  which  it  is  difficult  to  remove  it.  Since  the 
earth  behind  an  abutment  usually  extends  up  to  nearly  the 
top,  winds  usually  blow  some  of  it  over  the  parapet  on 
the  brids:e  seat.  If  the  steelwork  is  near  the  pocket,  the  dirt 
will  pile  up  against  it,  absorb  moisture  from  the  air,  and  cause 
the  steel  to  corrode  rapidly.  Pockets  can  be  avoided  by  the 
use  of  end  floorbeams,  which  do  away  with  the  pedestal 
blocks,  and  by  continuing  the  parapet  straight  from  end  to 
end  of  the  abutment  so  the  wind  can  have  a  clean  sweep 
across.  For  this  purpose  it  is  advisable  to  have  the  main 
trusses  or  girders  at  least  1  foot  above  the  bridge  seat. 

85.  Batter. — The  front  faces  of  many  abutments  are 
made  plumb,  because  the  appearance  is  not  marred  here  as 
in  the  case  of  a  pier  with  both  faces  plumb.  It  is  somewhat 
better,  however,  to  give  the  face  a  batter  of  about  4  inch 
per  foot.  It  should  be  borne  in  mind  that  the  batter  of  the 
front  face  increases  the  length  of  the  span,  and,  therefore, 
that  batter  should  not  be  made  unnecessarily  large.  No 
standard  batter  is  used  at  the  back,  the  slope  being  con- 
trolled by  the  top  width  and  the  required  width  of  base. 

86.  Width  of  Base. — The  width  of  base  should  be 
determined  by  means  of  theoretical  considerations,  allowing 
for  the  pressure  at  the  back  due  to  the  earth  filling  increased 
by  the  weight  and  jar  of  the  traffic.  Generally,  it  is  not 
usual  in  practice  to  make  a  theoretical  determination  of  the 
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required  width  of  base,  but  to  make  the  width  a  certain 
fraction  of  the  height;  in  the  case  of  high  or  unusual  abut- 
ments»  however,  calculations  should  be  made.  It  has  been 
found  by  practical  experience  that  the  width  of  base  should 
be  from  three-eighths  to  one-half  the  distance  from  the  top  of 
the  fill  to  the  level  of  the  base.  For  first-class  stone  masonry 
or  solid  concrete,  three-eighths  of  the  height  is  sufficient;  for 
second-class  masonry,  one-half  the  height  should  be  used. 

87,  F6otlnsr* — The  footing  course  of  an  abutment  does 
not  have  to  extend  beyond  the  back  of  the  masonry,  but  it 
should  extend  beyond  the  front  face.  This  is  due  to  the 
fact  that  the  overturning  tendency  causes  higher  pressure 
at  the  face  of  the  abutment,  and  the  footing  must  be 
extended  here  in  order  to  distribute  the  pressure  over  a 
greater  area.  In  some  cases,  several  footing  courses,  each 
projecting  beyond  the  one  above,  are  used. 


T    ABUTMENTS 

88.  Since  the  head  of  a  T  abutment  has  no  bank  to 
restrain,  it  may  be  made  just  wide  enough  at  the  top  to 
accommodate  the  bearing  plates  of  the  bridge,  and  the  front 
and  back  faces  may  be  continued  down  to  the  base  with 
a  slight  batter.  The  base  of  the  head  is  at  the  foot  of  the 
slope,  and  the  bank  slopes  up  to  the  end  of  the  stem. 
T  abutments  were  formerly  the  most  common,  because  of 
their  simplicity  and  of  the  fact  that  low-grade  masonry  could 
be  used.  Go  the  other  hand,  the  T  abutment  requires  much 
more  masonry,  on  account  of  the  stem,  than  abutments  of 
other  forms.  For  double-track  railroads  or  wide  streets,  the 
amount  of  masonry  is  excessive. 

The  most  serious  objection  to  this  form  of  abutment,  when 
used  for  railroad  bridges,  is  that  it  gives  a  support  to  the 
bridge  that  is  too  rigid,  making  riding  uncomfortable  to 
passengers  and  injurious  to  the  rolling  stock  and  track.  In 
some  cases,  1  or  2  feet  of  ballast  is  inserted  between  the 
track  and  the  masonry,  but  this  does  not  wholly  remove 
the  bad  effects  of  rigidity. 
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U    ABUTMENTS 

89.  The  U  abutment  is  practically  a  wing  abutment  in 
which  the  wings  are  parallel  to  the  track,  although  it  has 
more  the  appearance  of  a  T  abutment.  The  slope  of  the 
bank  is  sometimes  carried  down  outside  the  wings,  but  more 
frequently  the  space  between  the  wings  is  filled  with  earth  or 
broken  stone.  In  the  latter  case,  the  two  wings  must  be 
designed  in  the  same  way  as  a  retaining  wall.  When  the 
earth  is  allowed  to  run  down  outside  the  wings,  they  may  be 
made  about  three-quarters  the  width  required  by  the  other 
condition;  this  is  permissible  because  the  earth  outside  the 
wings  helps  to  support  them. 


WING    ABUTMENTS 

90,     Types  of  Wlngrs. — There  are  three  common  types 
of  wing  abutments;  namely,  the  stralsrlit-wliisr  abutment, 


& 


Pxo.  28 


Pig.  23,  in  which  the  face  of  the  wings  is  in  the  same  plane 
as  the  face  of  the   abutment  proper;   the   flarlnfi^-winsr 
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abutment.  Fig.  24,  in  which  the  faces  of  the  wings  make 
an  angle  with  the  face  of  the  abutment  proper;  and  the 
cuTTed-iiv'lnsr  abutment,  Fig.  25,  in  which  the  wings  are 
curved.  In  general,  the  curved  surfaces  of  the  wings  start 
almost  normal  with  the  face  of  the  abutment  and  turn 
through  about  90^  until  they  are  at  right  angles  to  the  track. 

91.  Size  of  Wlnsrs. — Each  wing  starts  at  the  top  of  the 
abutment  and  decreases  in  height  until  it  reaches  the  foot  of 
the  bank,  where  the  height  reaches  zero.  The  top  surface 
of  the  wing  follows  approximately  the  intersection  of  the 
plane  of  the  wing  with  the  plane  of  the  slope  of  the  bank. 
In  Fig.  26,  (a)  represents  the  form  of  wing  that  might  be 
used  with  concrete,  while  id)  and  {c)  indicate  the  forms  for 
stone  masonry.  The  inclined  line  in  {a)  is  smooth,  because 
it  is  easier  to  finish  concrete  in  this  manner.  The  forms  (b) 
and  (c)  are  stepped,  the  height  of  the  steps  beiag  the  same 


as  the  thickness  of  the  courses  of  the  stone.  In  order  to 
keep  the  earth  from  covering  the  wing,  the  steps  should  be 
carried  beyond  the  slope,  as  shown  in  {b).  To  save  masonry, 
the  steps  are  sometimes  made  shorter  and  the  earth  allowed 
to  cover  the  wing,  as  at  (c). 

In  the  design  of  wings,  it  is  assumed  that  the  bank  has  a 
slope  of  la  horizontal  to  1  vertical.  When  the  earth  is 
allowed  to  run  over  on  the  steps,  as  at  (^),  the  abutment 
presents  a  very  untidy  appearance,  and  the  extra  expense  of 
the  form  (^)  is  warranted  by  the  improved  appearance.  In 
the  form  shown  in  Fig.  26  (a),  the  top  of  the  wing  should  be 
from  6  to  12  inches  above  the  earth. 

92.  Toe  of  Wingr. — When  it  is  necessary  to  keep  the 
earth  from  running  around  in  front  of  the  wing,  the  latter  is 
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continued  down  to  the  foot  of  the  slope.  When  Sarins:  wing^s 
are  used,  however,  it  is  allowable  for  the  earth  to  run  around 
somewhat,  unless  the  abutment  is  on  the  shore  of  the  stream. 
A  sketch  of  a  wing  in  which  this  was  done  is  shown  in  Fig.  24, 
the  broken  line  at  the  left  in  (a)  showing  the  foot  of  slope. 
Some  masonry  is  saved  by  adopting  this  method. 

The  thickness  of  a  wing  is  usually  the  same  at  the  top  as 
that  of  the  abutment  proper;  the  width  or  thickness  gradually 
decreases  until  the  toe  is  reached,  where  the  width  is  usually 
about  2  feet. 

93.  Stralsrht-WlnfiT  Abutments. — The  straight-wing 
form  of  abutment  is  particularly  fitted  for  bridges  over  city 
streets,  and  is  probably  the  most  economical  for  this  purpose. 
The  face  of  the  abutment  and  wings  is  placed  at  the  street 
line,  and  gives  a  good  appearance.  Since  in  this  case  it  is 
impossible  to  have  any  earth  in  front  of  the  abutment,  the 
wings  must  be  carried  to  the  ends  of  the  slopes. 

The  principal  advantage  in  the  use  of  straight-wing  abut- 
ments for  railroad  bridges  is  that  in  case  an  increase  in  the 
number  of  tracks  is  made,  the  courses  can  be  so  arranged 
that  there  will  be  little  difficulty  in  extending  the  abutment. 
An  outline  of  a  straight-wing  abutment  is  shown  in  Fig.  23; 
(a)  is  a  plan  of  one  end  of  the  abutment,  id)  is  an  elevation 
of  the  portion  shown  in  (a),  and  (c)  is  a  cross-section  through 
the  bridge  seat. 

In  some  cases,  this  form  of  abutment  is  slightly  modified 
by  making  the  back  straight,  and  thus  causing  the  wings  to 
make  a  slight  angle  with  the  face  of  the  abutment.  This  is 
not  desirable,  as  it  mars  the  appearance  somewhat,  and  also 
because  it  involves  extra  expense  in  stone  cutting  in  order 
to  form  the  angle. 

94.  Flarlnsr-Wlnsr  Abutments. — For  abutments  at 
the  edge  of  a  river,  flaring  wings  are  usually  preferable  to 
other  wings.  They  give  a  greater  opening  for  the  stream 
above  the  bridge,  and  help  to  direct  the  current  into  the 
proper  channel,  thus  preventing  the  water  from  injuring  the 
foundation  by  getting  behind   the   abutment.     Where   the 
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s:reatest  economy  is  desired,  the  wings  may  be  made  shorter 
and  the  earth  allowed  to  run  around  in  front,  as  previously 
shown  in  Fig.  24.     This  reduces  the  amount  of  masonry. 

If  the  masonry  is  first  class  and  well  bonded,  the  flaring- 
wing  abutment  gives  greater  stability,  for  overturning  or 
sliding  can  occur  only  when  one  part  of  the  abutment  tears 
away  from  the  other  part.  In  order  to  use  the  least  amount 
of  masonry  in  the  wings  when  the  earth  is  allowed  to  run 
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around  in  front,  they  should  make  an  angle  of  about  30^ 
with  the  plane  of  the  face  of  the  abutment  produced.  This 
is  the  angle  generally  used;  however,  for  greatest  efficiency 
at  a  stream  in  directing  the  flow  toward  the  opening,  the 
angle  should  be  about  10°,  and  the  wings  should  be  carried 
to  the  extreme  foot  of  the  bank,  in  order  to  keep  the  current 
from  washing  away  the  earth  and  thereby  undermining  the 
abutment. 

95.     Curved-Wing  Abutments. — The  principal  reason 
for  the  use  of  abutments  with  curved  wings  is  the  improved 
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appearance.  With  very  high  abutments,  where  filling  mate- 
rial cannot  be  easily  obtained,  there  is  the  additional  advan- 
tage that  they  save  filling.  Fig.  25  shows  one  end  of  an 
abutment  with  curved  wings.  The  front  elevation,  shown  at 
(^)»  indicates  that  the  top  of  the  curved  wing  follows  the 
slope  of  the  bank. 

Another  form  of  curved  wing  is  shown  in  Fig.  27.  This 
form  has  the  advantage  that,  like  flaring  wings,  it  easily 
deflects  the  current.  It  also  has  a  pleasing  appearance,  and 
is  not  so  expensive  as  some  other  forms  of  curved  wings. 


SKEW    ABUTMENTS 

96.  It  is  frequently  necessary  to  build  abutments  at  some 
other  angle  with  the  bridge  than  90°.  The  bridge  is  then  a 
skew  bridge,  and  the  abutments  are  called  skeiiv  abut- 
ments. For  such  construction,  straight  wings  may  be 
used,  as  shown  in  outline  by  AD  in  Fig.  28.    One  end  of 
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each  abutment  can  be  made  shorter  than  the  other;  this  can 
be  seen  in  the  figure  at  FzxA  D,  both  of  these  points  being 
at  the  proper  distance  from  the  top  of  the  slope  C  In  many 
cases,  the  wing  is  made  to  extend  from  C  to  F  2X  right 
angles  to  the  bridge.  This  really  makes  a  flaring  wing  for 
this  end  of  the  abutment,  as  shown  in  Fig.  29.  In  case  there 
is  no  water  at  the  face  of  the  abutment,  masonry  may  be 
saved  by  allowing  the  earth  to  nm  around  the  end  of  the 
wing. 
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In  the  design  of  skew  abutments,  great  care  should  be 
taken  that  the  bridge  seat  is  wide  enough.  As  the  bearing 
plates  are  set  on  a  skew,  they  take  up  more  width  on  the 
bridge  seat  than  when  there  is  no  skew. 


PIER    ABUTBfENTS 

97.  When  a  trestle  is  built  across  a  valley,  the  greater 
part  of  the  distance  is  spanned  by  girders  or  trusses.  Near 
the  ends,  however,  it  is  usually  found  more  economical  to 
fill  for  a  short  distance.     It  is  then  necessary  to  build  an 
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abutment  in  this  new  ground  for  the  end  of  the  trestle. 
This  is  usually  accomplished  as  shown  in  Fig.  30.  A  pier  is 
built  on  the  natural  surface  of  the  ground,  and  the  fill 
allowed  to  run  around  in  front  of  it.  This  form  of  structure 
is  called  a  pier  abutment  (see  Art.  2). 
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THEORETICAIi  CONSIDERATIONS 

98.  Forces  to  be  Resisted. — On  account  of  the  fact 
that  an  abutment  is  in  contact  with  an  earth  fill,  it  can  over- 
turn or  slide  in  but  one  direction;  namely,  away  from  the 
bank.  It  is  prevented  from  moving  sidewise  by  the  friction 
of  the  earth  behind  it  and  also  by  the  wings.  The  forces 
that  act  to  overturn  the  abutment  are  the  pressure  of  the 
earth  and  the  longitudinal  thrust  of  the  train. 

99.  Calculations. — The  pressure  of  the  earth  is  found 
in  the  manner  explained  in  Retaining  Walls,  the  weight  of 
the  train  or  other  loads  being  added  to  the  weight  of  the 
earth  as  the  surcharge.  The  longitudinal  thrust  is  found 
in  the  manner  given  for  piers  in  Art.  51.  The  methods 
of  determining  the  factors  of  safety  against  overturning 
and  sliding,  and  the  intensity  of  pressure  on  the  subfounda- 
tion,  are  the  same  as  for  piers. 


CONSTRUCTION 


MATERIALS 

100.  The  materials  most  used  for  piers  and  abutments 
are  stone,  concrete,  and  timber.  In  addition  to  these,  large 
cylinders  having  steel  or  cast-iron  outside  surfaces  and  con- 
crete interiors  are  sometimes  used. 

101.  Stone. — The  most  common  material  is  stone. 
The  very  best  stone  available  is  generally  selected.  There 
is  little  economy  in  using  poor  masonry,  as  more  is  required 
than  when  good  masonry  is  used.  Granite,  when  available, 
is  the  best  stone,  because  it  is  hard,  strong,  and  durable, 
and  can  be  brought  to  required  shapes  more  easily  than 
other  stones  of  equal  strength.  Its  only  weakness  is  that  it 
disintegrates  easily  when  exposed  to  fire;  but  this  danger 
seldom  occurs  in  piers  and  abutments. 
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Syenite,  sfneiss,  quartz,  trap,  and  porphyry  are  also  excel- 
lent stones,  but  are  hard  to  work,  and  so  are  seldom  used  for 
bridge  masonry.  Quartzite  also  is  a  good  stone.  When  these 
stones  are  not  available,  some  grades  of  sandstone  or  lime- 
stone may  take  their  place. 

Certain  kinds  of  stone  are  not  suited  for  bridge  masonry, 
on  account  of  their  tendency  to  disintegrate  from  the  action 
of  frost,  acids,  attrition,  or  fire.  As  a  general  rule,  there  is 
less  danger  from  frost  in  those  stones  that  are  compact  and 
non-absorptive  than  in  porous  stones,  which  permit  water 
to  enter  and  freeze  inside.  A  compact  stone  is  also  less 
liable  to  absorb  acids  from  the  air  or  the  water  than  a 
porous  stone. 

Most  sandstones  are  very  absorptive,  and  the  cementing 
material  is  easily  dissolved  if  it  consists  of  lime,  iron  oxide, 
clay,  magnesia,  or  feldspar.  Quartzite,  or  sandstone  in  which 
the  cementing  material  is  of  quartz,  is  less  permeable  and 
contains  less  matter  that  can  easily  dissolve.  A  stratified 
stone  is  also  more  liable  to  disintegration  than  an  unstratified 
stone,  because  it  offers  straight  paths  between  the  strata  for 
moisture  to  reach  the  interior,  and  also  because  it  offers  easy 
cleavage  lines.  In  case  stratified  stones  are  used,  they  should 
be  placed  so  that  the  strata  will  be  horizontal. 

Limestone  consists  chiefly  of  carbonate  of  lime,  and  is 
easily  injured  by  nitric  and  by  hydrochloric  acid.  A  mag- 
nesian  limestone  is  much  more  durable  than  a  pure  limestone. 
Exposure  to  fire  reduces  the  limestone  to  almost  pure  lime. 
Which  is  soluble  in  water. 

102.  Concrete. — Concrete,  both  plain  and  reinforced, 
is  much  used  for  bridge  masonry.  It  is  more  durable  than 
many  limestones  and  sandstones,  and,  when  properly  made 
and  laid,  is  sometimes  as  strong  and  durable  as  granite. 
The  principal  advantages  of  concrete  are  its  comparatively 
low  cost  and  the  fact  that  it  makes  a  monolithic  structure. 
A  Portland-cement  concrete  mixed  in  the  proportions  of  1 : 2: 4 
with  hard,  angular,  well-graded  stones  for  the  aggregate,  is 
a  suflBcieotly  good  material  for  all  bridge  masonry.    In  many 
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cases  stone  is  used  for  the  face  of  an  abutment  or  pier,  and 
the  interior  is  made  of  concrete. 

103.  Timber. — In  temporary  construction,  and  in  some 
cases  where  time  does  not  permit  the  erection  of  masonry 
supports,  bridges  are  supported  by  timber  structures.  These 
usually  consist  of  several  framed  or  pile  bents  set  parallel 
and  close  to  one  another.  The  abutments  in  this  case  are 
similar  to  the  end  bents  described  in  Trestles,  except  that 
more  than  one  bent  may  be  used.  In  permanent  structures, 
wood  should  never  be  used  except  for  the  foundations,  and 
when  so  used  the  top  of  the  timber  construction  should  be 
below  the  lowest  level  the  water  ever  reaches. 

104.  Joints. — The  joints  in  stone  masonry  should  be 
made  as  thin  as  possible,  and  rich  Portland-cement  mortar 
used.  There  is  no  economy  in  using  a  first-class  stone  and 
then  binding  the  whole  together  with  a  poor  mortar. 

105.  Steel  Cylinders. — Sometimes,  piers  are  made  of 
steel  or  cast-iron  cylinders  filled  with  concrete.  These  are 
easy  to  place  and  are  well  adapted  to  soft  soils.  Short  sec- 
tions are  placed  and  bolted  one  on  top  of  another,  and  the 
whole  is  forced  into  the  ground.  The  interior  is  usually 
excavated  while  the  cylinder  is  being  driven,  and  then  filled 
with  concrete.  In  this  form  of  construction,  a  pier  usually 
consists  of  two  cylinders  with  a  set  of  heavy  girders  extend- 
ing across  their  tops. 

DETAIIiS 

106.  Specifications. — The  specifications  for  bridge 
masonry  may  be  substantially  the  same  as  for  retaining  walls, 
the  principal  difference  being  in  the  bridge  seat.  All  the 
masonry  above  the  footing  should  be  first-class  stone  laid  in 
Portland-cement  mortar.  The  stones  should  be  laid  with 
horizontal  and  vertical  joints,  the  courses  being  from  18  to 
24  inches  in  height.  The  faces  can  be  left  rough,  provided 
no  point  projects  more  than  3  inches  beyond  the  edge  of 
the  joint.     All  joints  should  be  perfectly  straight. 
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The  brids:e-seat  course  should  be  bush-hammered  on  top, 
and  brought  to  a  level  surface  at  the  proper  elevation  for 
the  bearing  plates.  All  joints  above  the  footing  should  be 
pointed  with  neat  cement  with  a  i-inch  semicircular  bead, 
except  at  the  top  of  the  bridge  seat,  where  they  should  be 
level  with  the  stone.  For  bonding  purposes,  not  less  than 
one-quarter  of  the  face  should  be  composed  of  headers.  All 
stones  should  be  at  least  4  feet  long,  but  no  stone  should  be 
longer  than  five  times  its  height.  On  account  of  the  impact 
of  ice  and  drift,  the  masonry  near  the  water-line  of  a  pier  in 
a  stream  may  be  of  a  better  class  than  the  remainder.  The 
footing  may  be  of  coarse  rubble,  with  stones  about  i  cubic 
yard  in  size. 

107.  Bridge-Seat  Coarse. — The  bridge-seat  course 
should  be  so  designed  that  the  stones  will  have  a  good  bond. 
Except  where  the  bearing  is  very  large,  there  should  be  but 
one  stone  under  the  bearing  plate.  In  general,  the  joints 
should  be  kept  as  far  as  possible  from  the  edges  of  the  bear- 
ing plates.  The  top  of  each  stone  under  a  bearing  plate 
should  be  dressed  smooth.  Pedestal  blocks  should  not  be 
used  for  a  height  less  than  8  inches,  and  the  height  should 
not  be  less  than  one-fifth  the  length  of  the  block.  For  a 
small  difference  in  elevation  of  the  bearings,  castings  may 
be  used,  or  the  bridge-seat  stones  may  be  made  of  different 
thicknesses,  as  previously  explained  in  connection  with 
Fig.  6  id). 

108.  Parapets. — The  parapet  of  an  abutment  helps  to 
bond  the  bridge-seat  stones.  The  latter  should  extend  at 
least  9  inches  behind  the  face  of  the  parapet.  When  prac- 
ticable, it  is  advisable  to  have  the  bridge-seat  stones  extend 
entirely  across  the  top  of  the  abutment.  There  is  no  neces- 
sity for  dressing  the  face  of  a  parapet.  In  railroad  bridges, 
it  is  customary  to  have  the  top  of  the  parapet  from  8  to  12 
inches  below  the  base  of  rail,  and  to  rest  a  tie  on  its  top. 
In  highway  bridges,  it  was  customary  to  have  the  top  of  the 
parapet  even  with  the  street  surface.  This  gave  rise  to  an 
uncomfortable  jar  in  passing  over  the  masonry.     At  present, 
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the  top  of  the  parapet  is  finished  off  below  the  street  sax*- 
face,  and  the  flooring  is  continued  across. 

109.     Pedestals  and  Piers  for  Trestles. — The  small 
depth  of  a  trestle  pier  requires  great  care  in  properly  bonding: 
the  separate  stones,  so  that  the  loads  shall  be  properly  dis- 
tributed over  the  base.     Fig.  7  shows  an  outline  of  a  pier 
suitable  for  the  support  of  a  high  trestle  bent.     When  sepa- 
rate pedestals  are  used,  the  top  of  each  should  be  a  sing:le 
stone.     Even  when  concrete  is  used,  the  cap  should  be  of  a 
good  hard  stone.    Fig.  31  shows  a  stepped  pedestal  of  stone 
J  masonry.   When  the  lower 
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part  is  concrete,  the  sides 
are  sloped,  as  shown  in 
dotted  lines. 

110.     Batter.— The 

batter  of  the  face  of  a  pier 
or  of  an  abutment  is 
obtained  by  cutting  the 
face  of  the  stone  so  that 
it  will  slope  the  proper 
amount.  The  batter  at  the 
back  of  an  abutment,  where 
it  is  hidden  by  the  earth, 
is  obtained  by  allowing  the 
ends  of  the  stones  to  pro- 
Fig.  31  ject  beyond  those  above; 

the  back  ends  are  usually  left  in  the  shape  in  which  they 

come  from  the  quarry. 

111.  Undermining:. — Unless  piers  or  abutments  rest 
on  solid  rock,  water  is  likely  to  wash  away  the  material  under 
them.  This  is  called  undermining:,  and  is  especially  likely 
to  take  place  in  piers  placed  in  running  streams.  The  danger 
from  this  is  not  apparent,  since  the  damage  is  done  under 
water.  In  order  to  avoid  undermining,  the  pier  should  be 
carried  to  a  great  depth,  and  broken  stone  piled  up  around 
it.  This  broken  stone,  when  used  for  this  purpose,  is  called 
riprap. 
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INTRODUCTION 

1.  The  general  principles  that  govern  the  preparation  of 
all  bridge  drawings  are  the  same  as  those  that  have  been 
explained  and  illustrated  in  Introduction  to  Construction  Draw- 
ing. In  the  present  Section,  the  additional  special  informa- 
tion required  for  bridge  drawing  will  be  given,  the  application 
of  the  principles  being  illustrated  by  four  detail  drawing 
plates.  The  student  is  required  to  send  the  tracings  of  the 
drawing  plates,  one  at  a  time,  to  the  Schools  for  correction. 
He  should  retain  the  pencil  drawings  for  future  reference;  it 
may  be  necessary  for  him  to  trace  them  again. 

2.  structural  Sbapes  and  Standards. — Almost  all  the 
parts  used  in  structural  and  bridge  work  have  been  standard- 
ized to  a  certain  extent,  and  their  dimensions  and  properties 
have  been  tabulated  and  printed  in  handbooks  by  the  manufac- 
turers of  rolled  steel.  Bridge  draftsmen  should  have  a 
copy  of  the  handbook  used  by  the  designer.  All  the  infor- 
mation of  use  to  bridge  draftsmen  that  is  usually  contained 
in  structural-steel  handbooks  is  given  in  Bridge  Tables.  The 
use  of  these  tables  is  explained  in  Bridge  Members  and 
Details^  Parts  1  and  2.  In  preparing  the  drawing  plates, 
however,  it  will  not  be  necessary  to  consult  tables  to  any 
great  extent,  as  all  the  dimensions  required  for  the  laying 
out  of  the  work  are  shown  on  the  plates  that  he  will  receive, 
or  are  given  in  the  following  pages. 

3«  Center  lilnes. — In  making  a  drawing  of  a  part  of  a 
bridge,  it  is  customary  to  draw  first  the  center  line  of  the 
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part,  and  then  refer  all  points  to  that  line.  In  addition  to 
the  first  or  main  center  line,  other  lines  are  drawn  to  repre- 
sent the  centers  of  details.  For  example,  the  line  on  which 
the  centers  of  a  number  of  rivets  in  a  row  are  located  is 
drawn  before  locating  the  rivets.  That  line  is  sometimes 
called  the  center  line  of  tbe  rivets;  more  frequently, 
however,  it  is  called  the  e^nge  line.  Strictly  speaking, 
only  symmetrical  objects  have  center  lines;  but,  in  bridge 
work,  lines  that  serve  as  bases  of  reference  in  locating  details 
on  non-symmetrical  objects  are  spoken  of  as  center  lines. 
Center  lines  on  a  drawing  are  very  important,  and  should 
be  laid  out  very  accurately,  as  they  are  used  as  standards  of  ^ 
reference  from  which  to  lay  out  distances  and  locate  points.      « 

4,    Dimensions. — A  frequent  source  of  trouble  in  makingn^ 

a  bridge  drawing  is  the  location  of  the  dimension  lines 

The  drawing  is  usually  so  filled  with  views  of  details  that  iL  IB 
is  difficult  to  draw  the  dimension  lines  without  interferin 
with  other  lines.  Draftsmen  should  be  very  careful  so  t 
locate  the  dimension  lines  and  write  the  dimensions  that  n( 
ambiguity  can  arise.  When  there  are  several  consecutivi 
dimensions,  such  as  a  number   of   rivet  spaces    that    ai 

unequal,  it  is  well  to  show  theni^:    n 
in  a  line,  so  that  they  can  be  adde 
readily  when  the  drawing  is  bein 
checked.     In  such  a  case,  it  is  cus^ — 
tomary  to  give  both  the  separated 
distances  between  rivets  and  the^ 
"V^     distance  between  the  end  points,  orrr 
^^°- 1  between  two  easily  distinguishec^ 

points  near  the  ends.     This  distance  is  the  sum  of  a  numbeiT' 
of  smaller  distances,  and,  by  giving  it,  the  necessity  is  avoided 
of  adding  the  smaller  distances  whenever  the  total  distance  is 
wanted.    The  method  is  illustrated  in  Fig.  1,  which  represents 
the  connection  angle  at  the  end  of  a  stringer.     The  lines  aa 
and  dd  are  the  center  lines  of  the  flange  rivets,   and  are 
2i  inches   from  the  top  and   bottom,  respectively,   of   the 
flange  angles.     The  spacing  of  the  rivets  in  the  connection 
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^gle  is  given  by  the  left-hand  line  of  dimensions.  For 
convenience  of  reference,  the  sum  of  all  the  dimensions  con- 
fined in  the  left-hand  line  is  given  at  the  right.  This  sum 
is  the  distance  from  the  top  of  the  top  flange  angle  to  the 
bottom  of  the  bottom  flange  angle,  and  is  usually  spoken  of 
as  the  vertical  distance  back  to  back  of  the  flange  angles. 

5.  When  a  dimension  line  is  too  short  to  permit  the 
dimension  to  be  written  legibly  between  its  ends,  the  number 
indicating  the  dimension  is  placed  outside  the  line  and  close 
to  it,  as  the  dimension  of  21  inches  at  the  top  and  bottom 
of  the  stringer  in  Fig.  1.  Dimension  numbers  should,  as  a 
rule,  be  placed  as  close  as  possible  to  the  objects  or  parts  to 
which  they  refer,  except  where,  when  so  located,  they  inter- 
fere with  other  lines  or  numbers.  In  all  cases,  they  are 
located  with  respect  to  the  other  lines  or  numbers  in  such  a 
way  that  there  will  be  no  doubt  as  to  their  meaning. 

6.  81iortened  Views. — When  a  part  of  a  bridge  has  the 
Same  form,  dimensions,  and  parts  for  a  considerable  dis- 
tance, as  from  a  a  to  **,  Fig.  2,  it  is  unnecessary  to  show 
the   whole   of   it   to  scale  if  the  space  on  the  drawing  is 
limited.     In  such  a  case,  a  portion  of  the  member  may  be 
left  out,  and  the  ends  moved  closer  together.     The  parts 
that  are  then  shown  will  be  drawn  to  scale  just  as  though 
the  entire  member  were  drawn,  but  the  dimensions  referring 
to  the  omitted  or  broken  portion  are  not  shown  to  scale. 
In  Fig.  3  is  shown  the  member  shown  in  Fig.  2,  but  short- 
ened so  as  to  occupy  about  one-half  the  space.     An  opening 
is  usually  left,  as  at  ^,  Fig.  3,  and  lines  d,  e  are  drawn  to  indi- 
cate that  part  of  the  member  has  been  omitted.    The  cutting 
lines  are  sometimes  straight,  as  d and  e.  Fig.  3  (a),  and  some- 
times irregular,  as  /  and  g.  Fig.  3  {b).     When  a  member  is 
cut  and  shortened,  as  just  explained,  its  total  length  (13  feet 
3  inches  in  this  case)  is  written  on  a  dimension  line  between  its 
ends,  although  this  line  does  not  represent  that  length  to  scale. 

The  total  length  of  a  member  is  frequently  called  the 
over-all  dimension,  or  the  leng^th  over  all  of  the  mem- 
ber.    This  dimension  should  always  be  given. 
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7.     Representation  of  Structural  Sliapes  by  lilnes. 

'*^ti.e  usual  methods  of  representing:  structural  shapes  in 
^^^>ss-section  were  explained  and  illustrated  in  Introduction 
^^  Construction  Drawing,  These  shapes  are  represented  in 
^l^^n  and  elevation  as  shown  in  Fig:.  4,  the  curved  corners 


4= 


T 


(a) 


Pio.  4 


being:  represented  by  sing:le  lines  at  the  points  where  the 

surfaces  joined  by  the  curves  would  intersect.     For  example, 

the  curved  corners  at  a  and  b,  Fig?.  4  (a),  are  represented  in 

the  elevation  by  the  line  de,  and  the  curved  surfaces  b  and  c 

by  the  line  fg  in  the  plan.    Similarly,  in  Fig:.  4  (^) ,  the  curved 

corners  2X  hh  are  represented  in  the  elevation  by  the  lines  ij\ 

those  at  kk,  by  the  lines 

/w  in  the  elevation  and  the 

line  «  ^  in  the  plan.     When 

channels  and  I  beams  are 

drawn  to  a  small  scale,  the 

lines  ij  and  Im  are  very 

close   tog:ether,    and    it  is 

customary  to  draw  but  one 

line  to  represent  both  comers,  this  line  being:  about  midway 

between  the  two,  as  shown  in  Fig:.  5- 

8.  Cross-Sections  of  Tliin  Shapes. — When  shapes 
appear  very  thin  on  drawing:s,  they  are  not  section-lined  or 
cross-latched  as  explained  in  Introdiutio7i  to  Constnution 
Drawing,  but  are  filled  in  solid  black,  as  shown  in  Fig:s.  4 
and  5.     When  two  surfaces  are  in  contact,  a  narrow  space  is 
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Conventional  Signs  for  Structural  Rivets 

Shop  Field 

O  • 
(8)(§) 

am 


Two  full  heads 


Countersunk  inside  and  chipped    .    . 
Countersunk  outside  and  chipped 
Countersunk  both  sides  and  chipped 


Flatten  to  i  inch  higfh  or  counter- 
sunk and  not  chipped 


Flatten  to  i  inch  high 


Flatten  to  I  inch  high 

Pio.  7 


Inside     Outside      gj^™ 

0)0(1) 

(DO* 
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^^f  t  between  them,  as  shown  in  Fig.  6.  This  method  of 
^^owing  cross-sections  is  employed  on  almost  all  drawings 
^^ade  to  a  scale  of  1  inch  to  the  foot  or  to  a  smaller  scale. 

9.  ConTentional  Slgrns  for  Rivets. — The  two  conven- 
tional signs  for  rivets  are  explained  in  Bridge  Members  and 
-Oeiails,  Part  1,  and  illustrated  in  Bridge  Tables.  The 
Osborne  standard  is  believed  to  be  the  simpler  and  plainer, 
and  will  be  used  in  the  drawing 
Plates  of  this  Section.     For  con- 


venience, the  conventional   signs  ^\^S^^^ 

are  repeated  in  Fig.  7.    In  riveted 


■^ 


members,  rivets  are  shown  only  in  ^°*  * 

those  views  in  which  they  appear  in  end  elevation,  except 
where  but  one  view  of  the  member  is  shown,  in  which 
case  some  of  the  rivets  may  be  shown  in  side  elevation,  as 
at  a,  a»  Fig.  8. 

10.  Eyebar  Heads. — Usually,  the  sizes  of  heads  of  eye- 
bars  are  not  given  on  bridge  drawings,  but  they  are  drawn 
to  scale.  For  this  purpose,  the  diameter  of  the  circular  head 
is  taken  from  a  table,  and  the  head  is  laid  out  as  explained  in 

Introduction  to  Construc- 
tion Drawing.  The 
radius  of  the  curves 
that  join  the  outline  of 
the  head  with  the  sides 
of  the  bar  is  usually 
equal  to  twice  that  of 
the  circular  head,  as 
illustrated  in  Fig.  9. 

11.     Pin    Nuts. 

The  long  diameter  of 
each  pin  nut  can  be 
taken  from  a  table.  The  outlines  of  these  nuts  are  drawn 
by  inscribing  hexagons  in  circles  having  diameters  equal 
to  the  long  diameters  of  the  respective  nuts.  The  thick- 
nesses and  other  necessary  dimensions  are  also  taken  from 
tables. 
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12.  Numbering:  DraTTrlnfirs. — There  are  various  sys- 
tems in  use  for  numbering  detail  and  working  drawings.  In 
some  offices,  each  drawing  is  given  a  separate  number,  as 
was  done  in  Introduction  to  Construction  Drawing  and  Gw- 
struction  Drawing.  In  other  offices,  each  **job"  or  contract 
is  numbered,  and  all  drawings  relating  to  that  contract  are 
given  the  same  number.  When  this  system  is  followed,  there 
is  usually  given  a  secondary  set  of  numbers  indicating  the  num- 
ber of  each  drawing  and  the  number  of  drawings  that  relate 
to  the  contract.    The  form  used  in  some  offices  is  as  follows: 

Contract  976 
Sheet  3  of  6  sheets 
and  in  others,  as  follows: 

Contract  976:  Q)  of  (6) 

In  each  case,  the  notation  indicates  that  the  drawing  is 
one  of  a  set  of  drawings  that  relate  to  contract  976,  that 
it  is  drawing  number  3  of  such  set,  and  that  the  complete  set 
consists  of  six  sheets  or  drawings.  The  former  system  will 
be  used  in  the  plates  in  this  Section. 
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GENERAL  CONSIDERATIONS 

13.  The  drawing  in  this  Section  consists  of  four  bridge 
plates  showing  all  the  joints  on  one  side  of  the  center  of  the 
pin-connected  truss  treated  in  Design  of  a  Highway  Truss 
Bridge^  Parts  1  and  2.  The  details  of  the  ends  of  all  the 
members  that  connect  at  the  joints  are  also  given,  together 
with  the  side  elevation  of  an  intermediate  floorbeam  and 
sidewalk  bracket.  The  student  is  advised  not  to  start  the 
drawing  of  these  plates  imtil  after  he  has  completed  the 
two  Sections  mentioned. 

14.  In  making  a  drawing  of  a  bridge  of  this  kind,  it  is 
the  usual  practice  to  lay  out  on  a  large  sheet  the  skeleton 
drawing  of  one-half  of  the  truss  to  a  scale  of  i,  I,  or  i  inch 
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^^  the  foot.  This  gives  the  directions  of  the  members  that 
^eet  at  each  joint,  and  shows  the  joints  and  members  in 
^heir  relative  positions.  The  appearance  of  the  drawing 
When  the  skeleton  outline  has  been  drawn  is  shown  in 
Pig.  10,  in  which  fghi  is  the  border  of  the  sheet,  and 
aBEe  the  outline  of  one-half  of  the  truss.  The  details  of 
the  ends  of  the  members  are  then  drawn  at  the  joints,  and 
the  members  broken  between  the  joints  to  indicate  that  por- 
tions are  omitted.  The  details  of  the  members  are  usually 
drawn  to  a  scale  of 

}  or   1   inch   to   the    ^'  '  »* 

foot.  Each  office  or 
drafting  room  has  a 
rule  as  to  the  scale 
to  be  used.  In  the 
following  drawing 
plates,  the  distances 
between  the  joints  are 
drawn  to  a  scale  of 
I  inch  to  the  foot,  and 
the  details  of  the  ends  of  the  members  are  drawn  to  a  scale 
of  1  inch  to  the  foot. 

In  explaining  the  layouts  of  the  following  plates,  some  of 
the  dimensions  given  in  the  text  refer  to  sizes  of  parts  and 
distances  on  the  members,  which  are  to  be  laid  out  to  the 
scale  of  1  inch  to  the  foot.  Other  dimensions,  such  as  those 
referring  to  the  location  of  views  on  the  plates  are  to  be  laid 
out  full  size  on  the  drawings.  There  will  be  no  difficulty  in 
recognizing  which  dimensions  are  to  be  scaled  and  which 
are  to  be  laid  out  full  size. 
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15.  On  account  of  the  difficulty  in  handling  and  mailing, 
the  Schools  have  found  it  advisable  to  limit  the  size  of 
drawing  plates  to  13  in.  X  17  in.  inside  the  border  lines.  It 
is  impossible  to  draw  an  entire  half  truss  on  a  sheet  of  this 
size  without  using  an  inconveniently  small  scale;  hence,  to 
conform  to  the  size  of  the  plate  and  the  usual  scale,  the 
truss  is  shown  on  four  plates.    The  sheet  shown  in  Fig.  10 
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may  be  considered  to  be  divided  by  the  lines  KK  and  L  Z,, 
and  the  part  of  the  truss  in  each  of  the  four  comers  drawn  on 
a  separate  sheet. 

16.  Erection  Dlagrram. — ^When  a  truss  is  too  large  to 
be  conveniently  shown  on  a  sheet,  as  just  described,  each 
member  is  drawn  separately,  and  in  the  lower  risfht-band 
comer  of  the  sheet  is  placed  a  skeleton  drawing  of  the  truss 
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to  a  very  small  scale.  Each  member  is  given  a  letter  and 
number  so  as  to  show  its  position  in  the  assembled  truss. 
The  general  arrangement  of  the  views  on  such  a  drawing  is 
illustrated  in  Fig.  11.  In  most  cases,  however,  more  than 
one  sheet  is  required  in  order  to  show  all  the  members. 

17.  General  Directions. — The  plates  will  all  be  13  in. 
X  17  in.  inside  the  border  lines,  with  the  views  arranged  as 
explained  in  detail  in  the  following  articles.  A  space  of 
la  in.  X  4  in.  is  reserved  in  each  plate  for  the  title,  but  it  is 
not  always  possible  to  locate  the  titles  at  the  lower  right- 
hand  corners  of  the  sheets.  They  are  located  either  on  the 
lower  or  on  the  right-hand  border  line. 

All  the  information  necessary  for  the  drawing  of  the  plates 
is  given  in  detail  in  the  following  articles.     When  the  distance 


* — m-0 


HIGHWAY  BRIDGE 
DETAILS 

SHEET  I  Of  4  SHEETS       


ommiSY 

iwnc-, 


107 


\ 


THE  NKW  voRK 
PUBLIC     LIBRARY 

» — . J 


§83  BRIDGE  DRAWING  11 

from  the  edge  of  a  piece  to  the  last  rivet  is  not  given  on  the 
plate,  it  may  in  general  be  taken  as  1^  inches.  In  case  any 
difl&culty  is  experienced  in  finding  the  dimensions  of  a  section 
in  the  text  or  on  the  plate,  they.can  be  found  in  Bridge  Tables, 
The  heads  of  the  shop  rivets  on  the  plates  are  li  inches  in 
diameter,  and  the  holes  for  the  field  rivets  are  li  inch  in 
diameter.  The  letters  in  the  title  are  i  inch  in  height,  and 
all  the  other  lettering  on  the  sheets  is  A  inch  in  height,  made 
as  described  in  Introduction  to  Construction  Drawing. 
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DETAIIiS 

18.  This  plate  shows  the  elevation  of  the  joint  at  the 
left  end  of  the  bottom  chord  and  two  joints  to  the  right  of  it. 
In  addition,  it  shows  side  elevations  of  the  two  verticals, 
cross-sections  of  the  two  verticals  and  end  post,  and  a  plan 
of  the  bottom  chord  members.  The  border  lines  enclose  an 
area  of  13  in.  X  17  in. 

19.  Center  liines  of  Members. — The  center  lines  of 
the  members  are  drawn  first.  The  center  line  of  the  lower 
chord  in  elevation  is  drawn  parallel  to  and  8i  inches  from  the 
top  border  line.  The  center  of  the  end  joint  is  then  located 
on  this  center  line  1  inch  from  the  left  border  line,  and  the 
centers  of  the  other  joints  are  located  from  the  first  by  laying 
off  two  distances  of  20  feet  each  to  the  scale  of  I  inch  to  the 
foot.  The  joints  will  be  referred  to  by  the  letters  given  in 
Fig.  10,  the  three  joints  on  this  plate  being  a,  b,  and  c.  Next, 
draw  vertical  lines  through  a,  by  and  Cy  to  represent  the  cen- 
ters of  the  chair  at  a  and  the  verticals  at  b  and  c.  Next,  lay 
out  the  center  line  of  the  end  post  from  a,  and  the  center 
line  of  the  diagonal  from  c.  There  are  various  methods  of 
specifying  the  slope  of  a  diagonal  line  on  a  bridge  drawing; 
the  most  common  is  to  give  the  coordinates  of  a  point  on  the 
line  with  reference  to  the  joint  from  which  it  starts,  or  to 
give  the  lengths  of  the  sides  of 'a  right  triangle  of  which  the 
diagonal  or  part  of  it  is  the  hypotenuse.     See  Fig.  12.     The 
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slope  of  a  line,  when  given  in  this  way,  is  called  the  skew. 
In  Fig.  12  (a),  the  total  distance  passed  over  vertically  and 
horizontally  by  a  diagonal  of  the  truss  under  consideration 
is  given;  this  method  is  convenient  and  well  adapted  to 
detail  drawings.  For  shop  drawings,  the  method  shown  in 
Fig.  12  (d)  is   preferable;    this  gives  the  distance   passed 


horizontally  in  1  foot  vertical.  It  is  preferred  by  some  to 
give  the  skew  in  2  feet  instead  of  in  1,  since  the  workmen 
use  steel  squares  2  feet  on  a  side.  The  skew  in  2  feet,  in 
this  case,  is  1 7  X  24  =  17M  inches.  Since,  in  this  case,  the 
skew  is  given  in  terms  of  the  total  distances,  it  is  best  to 
measure  along  ad  and  dc,  Fig.  13,  and  lay  off  aa^  and  c(/, 
each  equal  to  20  feet,  to  a  convenient  scale,  say  i  inch  to  the= 
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Fig.  13 

foot.  Then,  erect  perpendiculars  at  a'  and  (/  and  lay  off  a^  a" 
and  (/ c^\  equal  to  27  feet,  to  the  same  scale  as  a  a'  and  cc^. 
Then,  aa^^  and  r^'  are  the  center  lines  of  the  inclined  mem- 
bers. When,  on  the  following  plates,  the  right  triangle 
giving  the  skew  is  drawn,  the  long  leg  of  the  right  angle 
will  in  every  case  be  made  1  inch  in  length. 
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20.  Joint  a. — Next,  lay  off  the  width  of  the  eyebar  that 
runs  from  a  to  the  right,  6  inches  wide,  one-half  above  and 
one-half  below  the  center  line,  and  break  it  off  about  4|  inches 
from  a.  Now,  lay  off  the  top  and  bottom  of  the  angle  that 
shows  dotted  inside  the  eyebar;  this  leg  is  2i  inches  wide, 
W  inches  of  which  is  above  the  center  line.  The  left  end  of 
the  angle  is  1  foot  li  inches  and  the  first  rivet  is  1  foot 
3  inches  from  a\  the  rivets  are  6  inches  apart.  It  is  not 
necessary  to  make  circles  for  the  rivets  on  the  pencil  draw- 
ings, but  simply  to  indicate  their  centers  by  short  lines  at 
right  angles  to  the  gauge  lines. 

The  head  of  the  eyebar  can  now  be  drawn.  In  Bridge 
Tables,  the  radius  of  this  head  is  given  as  6}  inches.  Then, 
the  radius  of  the  curves  joining  the  head  to  the  straightportion 
is  13i  inches.  The  long  diameter  of  the  nut  is  1\  inches;  the 
diameter  of  the  pin  is  4|  inches;  and  the  diameter  of  the 
threaded  end  of  the  pin  is  4  inches.    These  can  now  be  drawn. 

21.  Next,  lay  out  the  outlines  of  the  end  post,  breaking 
it  off  about  64  inches  above  the  pin.  First,  lay  off  the  top 
and  bottom  lines  1\  and  7i  inches,  respectively,  from  the 
center  line,  and  draw  them  parallel  to  it.  Next,  lay  out 
the  thicknesses  of  the  outstanding  legs,  and  draw  the  inside 
lines  of  the  angles.  Next,  measure  7i  inches  below  the 
center  of  the  pin,  and  draw  the  end  line  of  the  end  post  to 
its  intersection  with  the  center  line.  Then,  draw  the  other 
line  at  the  end  of  the  post,  making  the  same  angle  with  the 
center  line  as  the  first  line.  Measure  in  Si  inches  from 
each  side  of  the  post  to  locate  the  edges  of  the  flange  angles, 
and  draw  them  parallel  to  the  center  line.  Next,  draw  two 
lines  very  close  to  the  edges  of  the  angles  and  parallel  to 
them,  to  represent  the  edges  of  the  8-inch  side  plate.  Now, 
lay  off  the  gauge  lines  of  the  rivets,  and  put  in  the  rivets 
according  to  the  dimensions  given  in  the  drawing.  The 
ends  of  the  tie-plates  that  appear  on  the  sides  of  the  end 
post  can  be  located  by  measuring  from  the  nearest  rivets. 

22.  Measure  up  4  inches  on  a  vertical  through  a,  and 
draw  the  end  of  the  end  post  as  shown  on  the  drawing  plate. 
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breakins:  it  off  4  inches  from  the  center  of  the  pinhole. 
This  is  shown  by  itself  to  avoid  confusion  with  the  pin  nut 
and  eyebar  head.  The  top  of  the  chair  is  1  foot  8  inches 
above  the  center  of  the  pin,  and  9  inches  wide.  The  outside 
of  the  g^usset  at  the  left  is  straight  from  the  outer  comer  of 
the  flange  angle  of  the  end  post  to  the  outer  comer  of  the 
chair.  The  angles  of  the  diaphragm  inside  the  gussets  are 
A  inch  apart,  and  have  the  3-inch  leg  in  view.  The  other 
dimensions  can  be  scaled  as  given.  Some  of  the  rivets  in 
the  end  post  are  countersunk  on  one  or  both  sides  to  give 
room  for  the  eyebar  head  on  the  outside  and  the  pedestal 
on  the  inside. 

23.  Next,  locate  the  center  of  the  cross-section  of  the 
end  post  8f  inches  (on  the  inclined  center  line)  from  the 
center  of  the  pin,  and  lay  out,  according  to  the  dimensions 
given,  first  the  webs  15  in.  X  A  in.,  then  the  flange  angles 
3i  in.  X  3i  in.  X  i  in.,  and  then  the  side  plates  8  in.  X  i  in. 

24.  Joint  b. — Now,  draw  the  eyebars,  eyebar  heads,  pin 
and  pin  nut,  and  angles  inside  the  eyebars  at  the  joint  ^,  in 
the  same  way  as  for  joint  a;  the  dimensions  are  the  same. 
Next,  draw  the  vertical  lines  representing  the  angles  in  the 
hip  vertical,  starting  them  2f  inches  (to  scale)  above  the 
center  of  the  pin  and  breaking  them  ofiE  6^  inches  above. 
The  adjacent  backs  of  the  angles  are  A  inch  apart;  the  out- 
standing legs  are  TA  inches  apart.  The  gauge  lines  for  the 
rivets  and  rivet  holes  are  4A  inches  apart,  2^  inches  on 
each  side  of  the  center.  The  rivet  spacing  is  given  at  the 
left  of  the  member.  The  pin  plate  at  the  lower  end  of  this 
vertical  extends  5  inches  below  the  pin,  and  is  10  inches 
wide  at  the  bottom.  The  top  of  the  pin  plate  is  lOf  inches 
above  the  center  of  the  pin.  Next,  put  in  the  cross-section 
of  this  member,  locating  its  center  72  inches  above  the 
center  of  the  pin,  and  make  the  angles  3a  in.  X  2iin.  X  A  in. 

25.  Next,  draw  the  side  view  of  this  vertical,  locating  its 
center  line  2i  inches  from  that  of  the  other  view,  and  break- 
ing it  off  about  7  inches  above  the  center  line  of  the  bottom 
chord.     This  view  is  7i  inches  wide;  the  legs  of  the  angles 
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^^«  2i  inches  wide;  and  the  gauge  lines  of  the  rivets  are 
^^  inches  apart.    At  the   lower  end   of  this  member,  the 
^'•^gles  are  connected  by  a  web-plate,  which  extends  up  to 
"^    feet  10  inches  above  the  center  of  the  lower  chord,  and  is 
^^^nnected  to  the  angles  by  means  of  rivets  spaced  as  shown, 
-^^ear  the  bottom  of  the  member,  a  short  horizontal  angle 
^^^  inches  wide  is  riveted  to  the  inside  of  the  member.     Above 
'^Jie  web-plate,  the  angles  are  connected  by  latticing.    This 
^^tticing  is  drawn  by  first  locating  the  centers  of  the  rivets 
^Ti  the  ends  of  the  lattice  bars  from  the  dimensions  given, 
^^ien  drawing  the  center  lines  of  the  lattice  bars,  then  draw- 
ing a  semicircle  2i  inches  in  diameter  at  the  end  of  each 
^ar  and  connecting  these  semicircles  by  lines  parallel  to  the 
center  lines  and  li  inches  from  them  on  each  side. 

26.  The  outstanding  legs  of  the  angles  are  blacked  in 
at  intervals  in  this  view  to  indicate  that  there  are  rivet  holes 
in  them.  Those  at  the  left  of  the  view  can  be  located  by 
projecting  across  from  the  front  view  shown  directly  over 
the  pin.  In  the  right-hand  side,  the  lower  rivet  is  1  foot 
7i  inches  above  the  center  line  of  the  lower  chord,  and  above 
this  there  are  eight  spaces  of  3^  inches  each.  It  is  not 
customary  to  show  rivet  holes  in  this  way  wherever  they 
occur,  but  only  when  it  is  desired  to  emphasize  some  special 
feature.  In  the  present  case,  this  view  shows  that  the  holes 
are  not  spaced  the  same  on  both  sides  of  the  truss. 

27.  Joint  c. — The  details  of  the  members  meeting  at 
the  joint  c  are  next  drawn.  The  eyebar  that  starts  toward 
joint  b  is  the  same  as  the  eyebars  at  that  joint.  The  eyebar 
that  extends  toward  the  right  is  5  inches  in  depth,  and  the 
circular  portion  of  the  head  is  64  inches  in  radius.  The  eye- 
bar  that  is  shown  as  the  diagonal  is  6  inches  wide,  and  the 
circular  part  of  the  head  has  a  radius  of  64  inches.  The  pin 
and  pin  nut  at  this  joint  are  the  same  as  at  joints  a  and  b, 

28.  The  vertical  shown  in  this  view  is  composed  of  two 
channels  10  inches  in  width,  extending  from  5  inches  (to 
scale)  below  the  center  of  the  lower  chord  to  about  6i  inches 
above  it.     The  tie-plates  that  show  on  the  sides  of  this  view 
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near  the  top  are  located  by  projecting  across  from  the  side 
view,  which  will  be  explained  presently.  The  inside  lines 
of  the  ang^les  that  are  shown  in  dotted  lines  are  i^  inch  apart, 
and  the  outer  edges  are  7iV  inches  apart.  The  rivet  holes 
in  these  two  angles  are  located  on  gauge  lines  4i^  inches 
apart,  their  distances  from  the  center  of  the  bottom  chord 
being  shown  on  the  right  of  the  view.  The  top  and  bottom 
lines  of  these  angles  can  also  be  located  from  the  dimen- 
sions, and  also  the  angles  seen  in  end  view  below  the  angles 
just  referred  to.  Next,  put  in  the  outline  of  the  pin  plate, 
8  inches  wide,  at  the  bottom  of  the  vertical,  and  then  the 
gauge  lines  of  the  rivets,  as  given  below  the  pin.  The  rivets 
connecting  the  pin  plate  to  the  channel  are  next  located. 
These  rivets  are  shown  dotted  where  they  are  hidden  by  the 
eyebar  heads;  they  are  also  shown  flattened  to  a  height  of 
I  inch  on  the  outside  of  the  member,  to  allow  the  eyebars  to 
lie  closer  to  the  vertical. 

The  cross-section  of  this  member  can  now  be  drawn  above 
the  front  elevation;  the  center  of  the  cross-section  is  7i  inches 
above  the  center  line  of  the  lower  chord.  The  channels  are 
Hh  inches  back  to  back,  and  the  flanges  are  2f  inches  in  width. 
On  the  inside  of  the  section  is  shown  the  outlme  of  the  dia- 
phragm that  is  inserted  between  the  channels  near  the  lower 
end.  The  web  of  this  diaphragm  is  A  inch  thick.  The  legs 
of  the  angles  next  to  the  web  are  2a  inches  in  width,  and  the 
legs  in  contact  with  the  channels  are  3a  inches  in  width. 

29.  The  side  elevation  of  this  vertical  is  next  drawn, 
the  center  line  being  located  parallel  to  and  2|  inches  to  the 
left  of  the  center  line  of  the  other  view.  It  is  customary  to 
show  side  views  on  the  right  of  front  elevations;  but,  in  this 
case,  there  being  no  available  room  on  the  right,  the  side 
view  is  shown  on  the  left.  The  top  of  the  side  view  is  broker? 
off  7  inches  above  the  center  line  of  the  lower  chord.  The 
lattice  bars  near  the  top  of  the  view  are  drawn  in  the  same 
way  as  for  the  hip  vertical.  The  tie-plate  is  1  foot  in  height 
and  located,  as  shown,  by  the  dimension  lines  at  the  left  of 
the  side  view.     Below  the  tie-plate  there  are  no  rivets  in  the 
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flans:es  of  the  channels,  so  they  are  assumed  to  be  cut  away, 
thus  showing:  the  webs  of  the  channels  in  section.  This  is 
for  the  purpose  of  showing  the  detail  of  the  diaphragm  more 
clearly;  if  the  flanges  were  not  cut  away,  the  diaphragm 
would  be  hidden  behind  them  to  such  an  extent  as  to  obscure 
the  details.  The  legs  of  the  diaphragm  angles  that  show  in 
this  view  are  2i  inches  in  width.  The  gauge  lines  of  the 
rivets  in  the  diaphragm  are  2i  inches  on  each  side  of  the 
center  line,  and  the  rivets  are  located  on  them  as  shown  by 
the  dimensions  at  each  side.  At  the  lower  end  of  this  view, 
the  pin  plates  are  shown  in  cross-section. 

30.  Plan  of  Bottom  Chord. — The  plan  of  the  bottom 
chord  is  shown  below  the  elevation.  The  center  line  of  the 
plan  is  parallel  to  and  Ij  inches  above  the  lower  border  line. 
At  joint  a,  only  the  ends  of  the  eyebars  are  shown;  it  is 
assumed  that  the  end  post  and  pin  have  been  removed.  At 
joint  dy  the  hip  vertical  is  shown  in  cross-section.  This  view 
is  broken  oflE  3i  inches  from  a  and  4  inches  from  d.  The 
eyebars  are  not  parallel  to  the  center  line,  but  diverge  from 
it.  The  ends,  however,  may  be  shown  parallel  as  far  as  the 
breaks,  and  then  ofiEset,  as  shown  on  the  drawing  plate. 
This  better  illustrates  the  fact  that  the  eyebars  diverge,  and 
shows  the  direction  in  which  they  diverge.  The  two  eyebars 
that  form  each  member  are  connected  by  lattice  bars.  When 
the  divergence  is  slight,  the  gauge  lines  of  the  rivets  that 
connect  the  lattice  bars  to  the  outstanding  legs  of  the  angles 
riveted  to  the  insides  of  the  eyebars  are  made  parallel  to 
each  other  and  to  the  center  line.  This  makes  it  easy  to  get 
the  lattice  bars  all  the  same  length,  and  is  accomplished  by 
skewing  the  gauge  lines  on  the  angles.  In  this  case,  the 
gauge  line  of  each  angle  is  lH  inches  from  the  back  of 
the  angle  at  the  left  end  and  IH  inches  from  the  back 
of  the  angle  at  the  right  end;  the  difference  of  H  inch 
does  not  practically  affect  the  strength  of  the  latticing. 

The  lattice  bars  can  be  put  in  as  follows:  First,  draw  the 
gauge  lines  of  the  rivets  in  the  angles  as  shown;  then,  locate 
the  rivets  on  these  lines,  and  draw  the  center  lines  of  the 
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lattice  bars.  Then,  draw  semicircles  2i  inches  in  diameter 
at  each  rivet,  and  draw  two  lines  2i  inches  apart  and  parallel 
to  each  center  line  to  represent  the  sides  of  the  lattice  bars. 
The  appearance  of  the  two  eyebars  latticed  in  this  way  is 
shown  in  Fig.  14  to  an  exaggerated  scale.  This  is  the  most 
satisfactory  method  of  arranging  the  latticing  between  diver- 
ging eyebars.     Other  methods  require  the   bars  to  be  of 
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difiEerent  lengths,  which  involves  much  more  computation 
on  the  part  of  the  draftsman  and  more  trouble  in  the  shop. 
When  the  divergence  is  greater  than  shown  on  the  drawing 
plate,  the  same  method  of  connecting  the  lattice  bars  can  be 
used,  except  that,  in  such  a  case,  it  is  necessary  to  use  wider 
angles  on  the  eyebars. 

31.  The  nuts  shown  on  the  pin  at  the  joint  b  are  li  inches 
thick  and  are  recessed  i  inch;  the  threaded  ends  of  the  pin 
are  Ij  inches  in  length  at  each  end.  Between  the  inside  eye- 
bars  and  the  pin  plates  of  the  hip  vertical,  and  also  between 
the  pin  plates,  the  pin  is  shown  enclosed  in  thin  rings  or  cyl- 
inders. These  are  usually  made  of  cast  iron  about  i  or  J  inch 
in  thickness,  and  of  lengths  just  sufficient  to  fill  the  spaces 
between  the  members  on  the  pin;  they  serve  the  purpose  of 
preventing  the  members  that  connect  to  the  pin  from  moving 
sidewise. 

Wherever  there  are  spaces  in  pins  to  which  members  do 
not  connect,  they  should  be  filled  with  fillers.  The  outside 
diameter  of  the  fillers  at  the  joint  b  is  62  inches,  and  the 
inside  diameter  is  5  inches. 

32.  On  all  bridge  drawings,  it  is  customary  to  refer  the 
center  line  of  the  chords  to  some  plane  of  reference,  such  as 
the  top  of  the  floorbeam,  the  top  of  the  floor,  or  some  other 
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coz^venient  elevation. ,  In  the  present  case,  the  top  of  the 
floor  at  the  center  ot  the  bridge  is  used,  and  is  shown  5  feet 
Si'  inches  above  the  center  line  of  the  lower  chord.  This 
lii=^^  serves  to  locate  difiEerent  parts  of  the  bridge. 
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S3.  This  plate  shows  the  elevation  of  the  center  joint  of 
^^  lower  chord  and  the  joint  next  to  the  left  of  it.  Refer- 
^^^>.g  to  Fig.  10,  it  is  seen  that  these  joints  are  lettered  d 
**^c3  e.  Between  the  two  joints  is  shown  the  elevation  of  the 
^^^d  of  each  vertical  (they  are  the  same),  to  avoid  confusion 
^^th  the  eyebar  heads.  At  the  right  of  the  elevation  of 
l^int  e  is  shown  a  cross-section  through  the  eyebars,  and  a 
*i^e  elevation  of  the  verticals. 

In  addition  to  the  members  of  the  truss,  there  is  shown  on 
^^is  plate  a  side  elevation  of  a  sidewalk  bracket,  and  a  side 
elevation  of  one-half  of  an  intermediate  fioorbeam. 

34.  Center  Liines  of  Members. — The  center  line  of 
the  lower  chord  is  first  drawn  parallel  to  and  6  inches  from 
the  top  border  line.  Next,  the  center  lines  of  the  verticals 
are  put  in;  that  at  d  is  parallel  to  and  3  inches  from  the  left 
border  line;  that  at  e  is  parallel  to  that  at  d  and  20  feet  from 
it,  to  the  scale  of  I  inch  to  the  foot.  The  center  lines  of  the 
inclined  members  are  then  laid  out  as  explained  in  Art.  19. 
Having  put  in  the  center  lines  at  both  joints,  draw  the  side 
lines  of  the  straight  portions  of  the  eyebars  at  the  joint  </, 
and  then  put  in  the  outlines  of  the  heads.  The  circular  por- 
tions of  the  heads  of  the  bottom  chord  bars  and  of  the  diag- 
onal at  the  left  have  a  radius  of  61  inches;  the  radius  of 
the  curves  connecting  the  heads  to  the  straight  portions  is 
12i  inches.  The  circular  portion  of  the  head  of  the  diagonal 
on  the  right  has  a  radius  of  4i  inches;  the  radius  of  the  other 
curves  is  9  inches.  The  pin  and  pin  nut  are  the  same  as 
shown  on  the  preceding  plate;  that  is,  the  long  diameter  of 
the  nut  is  7i  inches,  the  diameter  of  the  pin  is  4i  inches,  and 
the  diameter  of  the  threaded  end  is  4  inches. 
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35.  The  vertical  can  now  be  drawn.  This  view  is  9  inches 
wide,  and  is  cut  oflE  5i  inches  above  the  center  line  of  the 
bottom  chord;  a  space  of  1  inch  is  left  open  for  the  insertion 
of  the  cross-section,  the  center  of  which  is  2i  inches  above 
the  center  of  the  pin. 

In  spite  of  this  intermediate  break,  this  part  of  the  vertical 
is  neither  shortened  nor  lengthened.  The  spacing  at  the 
right,  8  @  82  inches  =  2  feet  4  inches,  is  laid  out  to  the 
scale  of  1  inch  to  the  foot  in  the  same  way  as  though 
the  member  were  not  cut. 

In  the  front  elevation  of  this  vertical,  it  is  assumed  that 
the  front  side  has  been  cut  away  and  removed,  and  the 
diaphragm  between  the  channels  is  shown  in  cross-section. 
This  method  is  frequently  followed  when  the  two  faces  of  a 
member  are  not  alike,  and  serves  the  purpose  of  showing  the 
detail  of  the  opposite  side  of  the  member.  In  this  case,  this 
view  shows  the  location  and  spacing  of  the  rivet  holes  in  the 
opposite  side  of  the  member.  The  dimensions  are  laid  out 
and  the  lines  drawn  in  the  same  way  as  explained  for  the 
vertical  at  c  in  the  preceding  plate. 

36.  Joint  €. — The  members  at  <?,  the  center  joint  of  the 
truss,  can  next  be  drawn.  The  eyebars,  eyebar  heads,  pin 
nut,  and  pin  are  the  same  here  as  at  the  preceding  joint, 
except  that  one  inclined  eyebar  is  3  inches  wide  instead  of 
5  inches. 

The  vertical  is  cut  off  5i  inches  above  the  pin,  and  a  space 
1  inch  wide  is  left  open  for  the  cross-section,  the  center  of 
which  is  2j  inches  above  the  pin.  This  vertical  is  the  same 
as  that  at  d,  but  a  different  view  is  shown;  in  this  case,  the 
front  elevation  is  shown,  and  no  part  of  the  front  face  is 
assumed  to  be  cut  away.  No  difficulty  should  be  experi- 
enced in  drawing  this  view. 

37.  The  triangular  upper  part  of  the  pin  plates  at  d  and  ^ 
are  shown  dotted,  and  the  rivets  also  are  shown  in  connection 
with  the  remainder  of  the  members  at  the  joints.  To  avoid 
confusion,  however,  a  separate  drawing  is  made,  showing 
the  rivet  spacing  in  this  pin  plate.     For  this  purpose,  the 


S  83  BRIDGE  DRAWING  21 

^^Wer  line  of  the  vertical  is  located  6  inches  from  the  left 
•^^^rder  line,  the  center  of  the  pinhole  is  located  li  inches 
^^>ove.  the  center  line  of  the  lower  Chord,  and  the  view  is 
"^T^oken  oflE  4  inches  above  this  center  line.  The  pin  plate, 
^^iich  is  7  inches  wide,  and  the  rivets  are  then  located 
^^cording  to  the  dimensions  given.  The  rivets  are  shown 
fattened  to  t  inch  in  height  on  the  outside  of  the  member. 

38.  Having  completed  the  drawing  of  the  front  elevation 
Of  these  two  joints,  the  side  elevation  of  the  verticals,  shown 
^t  the  right  end  of  the  plate,  can  be  drawn.  The  two 
V-erticals  are  the  same,  so  that  one  view  serves  for  both. 
The  vertical  center  line  of  this  view  is  3i  inches  from  the 
right  border  line.  This  view  is  similar  to  the  side  view  at 
the  joint  c  in  the  preceding  plate,  except  that  the  flanges  of 
the  channels  are  not  cut  away,  and  the  pin  at  the  lower  end 
of  the  vertical,  together  with  the  eyebars  that  connect  to  it, 
Are  shown.  That  part  of  the  diaphragm,  as  well  as  the 
rivets  that  are  hidden  by  the  flanges  of  the  channels,  is 
^hown  in  dotted  lines.  The  vertical  is  broken  ofiE  5|  inches 
above  the  center  of  the  pin.  The  student  should  have  no 
difl&culty  in  drawing  this  view  of  the  vertical  by  following 
the  dimensions  given  on  the  drawing. 

39.  When  the  vertical  has  been  drawn,  the  eyebars  can 
be  put  in.  First,  leave  a  space  of  A  inch  on  each  side  of 
the  vertical  to  allow  for  the  flattened  riv^  heads  and  clear- 
ance; then,  lay  out  a  width  of  li  inch;  then,  one  of  tV  inch, 
then,  one  of  H  inch  on  each  side,  to  allow  for  the  thicknesses 
of  the  diagonal  eyebars  and  the  clearance  between  them. 
The  bottoms  of  these  four  bars  are  shown  4i  inches  below 
the  center  of  the  chord;  the  tops  are  1  and  la  inches,  respect- 
ively, above  the  center  of  the  chord.  The  two  inside  bars 
are  shown  in  cross-section.  Next,  lay  oflE  four  bars,  liV  inch 
in  width  on  each  side  of  the  vertical,  leaving  a  space  iV  inch 
wide  between  each  two  bars.  The  heads  of  these  bars  are 
all  shown  12i  inches  in  height,  and  two  of  the  bars  on  each 
side  are  shown  in  cross-section  5  inches  in  height.  The  pin, 
4j  inch  in  diameter,  pin  nuts,  li  inches  thick  with  recesses 
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i  inch  deep,  and  filling:  washer  inside  the  vertical,  6i  inches 
in  diameter,  can  now  be  drawn. 

The  line  representing  the  top  of  the  floor  at  the  center  of 
the  bridge  can  now  be  put  in. 

40.     Sldeipralk  Bracket  and  Floorbeam. — The  views 
at  the  bottom  of  the  drawing  plate  are  side  elevations  of  the 
intermediate  sidewalk  bracket  and  floorbeam  shown  in  their 
relative  positions.    The  center  line  of  the  truss  is  shown 
between  the  two  views,  and  is  located  8i  inches  from  the 
left  border  line.    The  top  of  the  bracket  and  floorbeam  is 
horizontal,  and  is  located  4i  inches  above  the  bottom  border 
line.     The  right  line  of  the  bracket  is  4i  inches  from  and 
parallel  to  the  center  line  of  the  truss,  and  the  bracket  is 

3  feet  6i  inches  deep  at  that  point.  At  a  point  7  feet  to  the 
left  of  the  center  line  of  the  truss,  the  bracket  is  12  inches 
deep.  By  plotting  two  points  at  these  places,  the  bottom 
line  of  the  bracket  can  be  drawn.  The  left  end  can  then  be 
drawn  parallel  to  the  center  line  of  the  truss  and  7  feet 
3|  inches  to  the  left  of  it.  Next,  draw  the  lines  representing 
the  inner  surfaces  of  the  outstanding  legs  of  the  flange 
angles,  then  the  gauge  lines  of  the  rivets  in  the  flange 
angles  If  inches  from  the  backs,  and  then  the  inner  edges 
of  the  flange  angles,  2i  inches  from  the  backs.  Then,  draw 
the  two  stiffeners,  making  them  2h  inches  wide,  with  the  out- 
standing legs  at  the  left,  and  the  backs  1  foot  3  inches  and 

4  foot  3  inches,  respectively,  from  the  center  line  of  the 
truss.  The  bottoms  of  these  stiffeners  are  1  foot  2j  inches 
below  the  top  line  of  the  bracket. 

Next,  the  connection  angle  can  be  drawn  at  the  right  end 
of  the  bracket.  The  leg  that  shows  in  this  view  is  3  inches 
wide,  and  the  gauge  line  is  If  inches  from  the  right  side  of 
the  angle.  When  the  outlines  and  gauge  lines  have  all  been 
drawn,  the  rivets  and  rivet  holes  can  be  located  according  to 
the  dimensions  given  on  the  drawing  plate.  The  outstand- 
ing leg  of  the  connection  angle  at  the  right  end  of  the  bracket 
is  blacked  in  at  intervals,  to  represent  the  rivet  holes  for  the 
rivets  that  connect  this  member  to  the  vertical  of  the  truss. 
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41.  The  space  remaming  on  the  drawing  plate  is  too 
small  to  show  every  part  of  the  floorheam  to  scale,  so  it  is 
necessary  to  break  and  shorten  the  beam.  In  this  case,  it  is 
inadvisable  to  leave  out  one  large  portion,  as  then  it  would  be 
necessary  to  omit  one  or  more  of  the  stringer  connections, 
which  it  is  very  important  to  show.  The  shortening  is 
accomplished  by  omitting  a  short  section  between  each  two 
consecutive  stringer  connections.  The  left  end  of  the  floor- 
beam  is  first  drawn  4i  inches  from  the  center  line  of  the 
tmss;  then,  the  bottom  line  of  the  bottom  flange  is  drawn 
parallel  to  the  top  line  and  3  feet  6i  inches  from  it.  Next, 
the  centers  of  the  stringer  connections  are  put  in.  If  inches, 
3 J  inches,  4 J  inchesi  5|  inches,  and  7i  inches,  respectively, 
Irom  the  center  line  of  the  truss.  Half  way  between  each 
two  consecutive  stringer  connections,  two  irregular  lines, 
about  i  inch  apart,  are  drawn  vertically  from  the  top  to  the 
bottom  lines.  An  irregular  line  is  also  drawn  i  inch  from 
the  right  borderline,  to  indicate  the  end  of  the  view. 

Next,  the  horizontal  lines  representing  the  inner  surfaces, 
the  gauge  lines,  and  the  inner  edges  of  the  top  and  bottom 
flange  angles  are  drawn,  and  the  flange  rivets  are  located  on 
the  gauge  lines  according  to  the  dimensions  given  at  the  top 
of  the  view.  The  connection  angles  at  the  left  end  of  the 
floorbeam  are  next  drawn  Bi  inches  wide,  with  the  gauge 
line  2  inches  from  the  back  and  the  top  and  bottom  ends  of 
the  angles  i  inch  from  the  flange  angles;  the  rivets  are 
located  on  the  gauge  line  according  to  the  dimensions  shown 
at  the  right  of  the  connection  angle. 

Next,  the  open  holes  for  the  stringer  connections  are 
locatedf  by  the  dimensions  given,  from  the  center  lines  of 
the  connections  and  the  top  of  the  top  flange*  The  shelf 
angles  and  stiffeners  are  next  put  in,  the  same  procedure 
being  followed  for  each  of  them*  First,  locate  the  top  of  the 
shelf  angle  by  the  given  distance  from  the  top  of  the  top 
flange  angles,  and  draw  the  shelf  angle  3  inches  deep  and 
S  inches  long,  one-half  on  each  side  of  the  center  line. 
Ne^t,  draw  in  the  stfffener,  placing  the  back  of  the  angle 
even  with  the  center  Une  of  the  connection,  and  measuring 
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2i  inches  to  the  rig^ht  to  locate  the  right  edge.  Then,  put  in 
the  gauge  lines  of  the  shelf  and  the  stiffener  angles,  and 
locate  the  rivets  on  them  according  to  the  dimensions  given 
in  the  drawing  plate. 

The  detail  of  the  connection  of  the  bracket  to  the  floor- 
beam,  in  the  lower  left  comer,  can  now  be  drawn.  The 
center  line  of  the  bracket  and  floorbeam  is  parallel  to  and 
li  inches  from  the  lower  border  line.  The  center  line  of  the 
vertical  is  2i  inches  from  the  left  border  line.  The  vertical 
is  composed  of  two  10-inch  channels  with  flanges  2}  inches 
in  width.  The  lines  inside  the  vertical  form  a  top  view  of 
the  diaphragm  shown  in  cross-section  in  the  upper  part  of  the 
plate.  The  top  flange  of  the  bracket  is  5A  inches  in  width 
and  is  broken  oflE  t  inch  from  the  left  border  line.  The  top 
flange  of  the  fioorbeam  is  8|  inches  in  width  and  is  broken 
oflE  4i  inches  from  the  left  border  line.  When  the  top  flanges 
have  been  put  in,  the  connection  plates  can  be  drawn;  they 
are  8  inches  wide  with  one  edge  i  inch  from  the  back  of  a 
channel  on  each  side.  The  angles  under  the  connection 
plates  are  2i  in.  X  2^  in.  X  A  in.  and  are  placed  with  their 
vertical  legs  in  close  contact  with  the  flanges  of  the  channels. 
The  longitudinal  section  of  the  sidewalk  stringer  is  1  foot 
3  inches  from  the  center  of  the  vertical  and  is  Ij  inch  above 
and  below  the  center  line  of  the  bracket.  The  lower  flange 
of  the  stringer  is  4|  inches  wide.  The  splice  plates  shown 
in  cross-section  are  6  inches  long.  The  rivets  can  now  be 
located  by  means  of  the  given  dimensions. 

42.  The  dimension  lines  and  dimensions  may  be  put  in 
now  on  the  whole  drawing,  or  they  may  be  put  in  on  each 
figure  as  soon  as  the  figure  is  done.  The  latter  method  is 
the  better  to  follow  on  the  pencil  drawing,  as  the  work 
is  fresh  in  the  draftsman's  mind.  In  tracing  the  drawing, 
however,  it  is  better  to  put  in  the  dimension  lines  when 
each  view  is  traced,  and  to  put  in  the  dimensions  after  all 
lines  have  been  traced. 
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43.  This  plate  shows  the  elevation  of  the  hip  joint  and 
of  the  top  chord  joint  next  to  the  right  of  it.  Cross-sections 
of  the  members  and  side  views  of  the  verticals  are  also 
shown.  In  addition,  there  is  at  the  top  of  the  plate  a  view, 
one-half  plan,  one-half  section,  of  the  top  chord,  showing  the 
connections  of  the  transverse  strut  and  of  the  diagonals  of 
the  upper  lateral  truss  to  the  top  chord. 

44.  The  elevation  and  side  views  will  be  explained  first. 
Draw  the  center  line  of  the  top  chord  parallel  to  and  5i  inches 
from  the  top  border  line.  Draw  the  center  line  of  the  hip 
vertical  parallel  to  and  4i  inches  from  the  left  border  line, 
and  the  center  line  of  the  next  vertical  parallel  to  it  and 
20  feet  i  inch  to  the  right  of  it,  to  a  scale  of  I  inch  to  the 
foot.  Draw  the  inclined  center  lines  of  the  diagonals  as 
explained  in  Art.  19.  By  reference  to  Fig.  10,  ft  is  seen 
that  the  joint  on  the  left  is  joint  B,  and  that  on  the  right  is 
joint  C.     The  elevation  of  joint  B  will  be  explained  first. 

45.  When  fhe  center  lines  have  been  drawn,  the  top  and 
bottom  lines  of  the  top  chord  can  be  drawn  1\  and  7i  inches, 
respectively,  above  and  below  the  center  line  of  the  chord. 
Then,  the  lines  representing  the  inner  surfaces  of  the  out- 
standing legs,  the  gauge  lines  of  the  rivets,  and  the  inner 
edges  of  the  top  and  bottom  flange  angles  can  be  drawn. 
The  top  chord  is  cut  oflE  at  the  left  end,  \  inch  from  a  line 
that  bisects  the  angle  between  the  center  lines  of  the  top 
chord  and  end  post;  it  is  broken  off  3|  inches  to  the  right  of 
the  center  of  the  pin.  The  intermediate  gauge  lines  are 
next  put  in  according  to  the  dimensions  at  the  right,  and  the 
rivets  in  this  part  of  the  chord  put  in  position  according  to  the 
dimensions  at  the  top  of  this  view.  Some  of  the  rivets  are 
countersunk  on  the  inside,  to  leave  room  for  the  pin  plates  on 
the  inside  of  the  end  post,  which  project  up  into  the  top  chord. 

The  pin  plates  can  now  be  drawn.  The  longest  plate  fits 
between  the  edges  of  the  flange  angles,  and  is  8  inches  wide;  it 
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extends  li  inches  beyond  the  last  two  rivets  in  the  web.  The 
next  two  pin  plates  are  14  inches  wide,  and  fit  in  between  the 
outstanding  legfs  of  the  fiang;e  angles.  The  right  end  of  each 
plate  can  be  located  by  countftig  the  rivets  enclosed  in  the 
plate.  The  left  ends  of  the  8-inch  and  the  inside  14-inch  pin 
plates  are  even  with  the  skew  end  of  the  chord;  the  outside 

pin  plate  extends  out 
beyond  the  pin,  the 
outline  being  as 
shown  in  Fig.  15. 
The  upper  edge  of 
the  pin  plate  is  con- 
tinued parallel  to  the 
center  line  BC  sls  far 
as  its  intersection  a 
with  the  bisector  dc. 
The  outer  edge  a^  of 
the  pin  plate  then  con- 
tinues parallel  to  the  center  line  of  the  end  post  to  the  inter- 
section of  a  ^  with  the  center  gauge  line  of  the  chord.  The 
other  edge  is  then  drawn  from  d  to  ^,  the  latter  being  ver- 
tically below  a.  This  view  will  be  completed  after  the  plan 
has  been  drawn. 


Piff.  15 


46.  Now,  proceed  in  the  same  way  for  the  end  post  as 
for  the  top  chord  just  drawn,  and  break  it  off  4  inches  from 
the  center  of  the  pin.  First,  draw  the  flange  angles,  then  the 
8-inch  side  plate,  and  then  the  gauge  lines.  Next,  put  in  the 
rivets  according  to  the  dimensions,  and  then  draw  the  pin 
plate,  which  is  on  the  inside  of  the  member.  Some  of  these 
rivets  (those  shown  in  dotted  lines)  are  countersunk  on  both 
the  inside  and  the  outside  of  the  section,  to  allow  room  for 
the  eyebar  heads  on  the  inside,  and  for  the  projecting  pin 
plates  of  the  top  chord  on  the  outside.  The  upper  end  of 
this  pin  plate  is  cut  off  in  the  same  way  as  that  on  the  top 
chord,  as  illustrated  in  Fig.  15.  The  portions  of  the  tie-plates 
that  show  in  this  view  can  be  located  and  drawn  as  they  are 
shown  on  the  drawing  plate.     Now,  draw  the  cross-section 
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of  the  end  post,  making  its  center  line  bi  inches  from  the 
center  of  the  pin.  In  the  cross-section,  the  clear  distance 
between  the  webs  is  111  inches,  the  webs  are  15  in.  X -Arin., 
the  side  plates  are  8  in.  X  i  in.,  and  the  flange  angles  are 
3i  in.  X  Sir  in.  X  i  in. 

47.  Next,  the  eyebar  that  forms  the  diagonal  can  be 
drawn.  The  bar  is  6  inches  wide,  one-half  on  each  side 
of  the  center  line,  and  the  radius  of  the  circular  part  of  the 
head  is  6f  inches.  The  diameter  of  the  pin  is  4|  inches,  that 
of  the  screw  end  3a  inches,  and  that  of  the  nut  6t  inches. 
These  can  now  be  put  in. 

48.  The  hip  vertical  is  drawn  next.  The  pin  or  hanger 
plate  should  be  drawn  first.  This  is  10  inches  wide  from 
7  inches  above  the  pin  to  8  inches  below  it,  and  then  narrows 
to  7A  inches  at  1  foot  9i  inches  below  the  pin.  The  angles 
are  drawn  next;  their  backs  are  A  inch  apart,  and  their 
outer  edges  are  7iV  inches  apart.  The  upper  ends  of  the 
angles  are  2i  inches  below  the  center  of  the  pin,  and  the 
break  at  the  lower  end  is  4i  inches  below.  The  center  of 
the  cross-section  is  5  inches  below  the  center  of  the  pin.  Of 
the  rivets  at  the  upper  end  of  the  hip  vertical,  only  those  are 
shown  that  appear  below  the  other  members.  The  rivets 
that  are  hidden  are  omitted,  as  they  would  confuse  the  draw- 
ing if  shown.  In  this  case,  the  upper  end  of  the  hip  vertical 
and  the  spacing  of  the  rivets  are  shown  in  an  additional  view 
below  and  to  the  right  of  the  joint.  The  center  line  of  this 
view  is  li  inches  from  the  center  line  of  the  hip  vertical  in 
the  other  view,  and  the  center  of  the  pinhole  is  3?  inches 
below  the  center  line  of  the  top  chord.  The  three  upper  rivets 
in  this  view  are  countersunk  for  the  purpose  of  allowing  the 
eyebars  in  the  end  diagonal  to  lie  close  to  the  hanger  plates. 

49.  Next,  draw  the  side  elevation  of  the  hip  vertical 
shown  just  to  the  right  of  joint  B,  The  center  line  of  this 
view  is  4i  inches  from  the  center  of  the  pin  at  B;  the  view 
extends  down  to  5  inches  below  the  center  of  the  top  chord. 
This  view  can  be  laid  out  very  readily  by  the  dimensions 
given. 
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50.  Joint  CI — At  the  joint  C  first  draw  the  irregular 
lines  at  the  ends  of  the  top  chord  2  inches  fFom  the  ceDter 

of  the  pin  at  each  end^  and  project  all  the  necessary  Hnes 
across  from  joint  B,  Now,  put  in  the  rivets  according  to  the 
dimensions,  and  show  the  left  end  of  the  8-inch  side  plate 
lot  inches  from  the  center  of  the  pin.  The  rivets  arouad 
the  pin  are  flattened  to  |  inch  high  on  the  inside,  to  give 
room  for  the  eye  bars.  Next,  draw  the  eyebars  5  inches 
wide,  and  the  eyebar  heads  with  a  radius  of  5 J  inches.  The 
pin  and  nut  can  now  be  drawn*  The  diameter  of  the  pin  is 
Z\  inches,  that  of  the  threaded  end  is  21  inches,  and  that  of 
the  nut  is  5A  inches* 

51.  Next,  draw  the  vertical,  making  it  10  inches  wide 

and  cutting  it  off  3i,  4},  and  61  inches  below  the  center  line 
of  the  top  chord.  Draw  the  angles  that  show  in  dotted  lines, 
locating  the  top  i  inch  and  the  bottom  6f  inches  below  the 
center  of  the  top  chord.  These  angles  arc  each  3  inches 
wide,  and  their  backs  are  A  inch  apart.  Now,  put  in  the 
rivets  in  this  view  according  to  the  dimensions.  Next,  draw 
the  cross-section,  locating  its  lower  line  4i  inches  below  the 
center  of  the  top  chord.  The  flanges  of  these  channels  are 
2J  inches  wide:  the  angles  are  each  3  in*  X  3  in.  X  A  in, 

52.  The  outline  of  the  pin  plate  at  the  toj)  of  the  vertical 
is  shown,  but  the  rivets  are  omitted  from  this  view  to  avoid 
confusion.  They  are  shown  in  a  separate  view,  the  center 
hue  of  which  is  li  inches  to  the  left  of  the  center  of  the 
vertical  in  the  elevation.  The  center  of  the  pinhole  is 
2  inches  below  the  center  of  the  top  chord.  The  rivets  are 
shown  flattened  to  f  inqh  in  height  to  provide  room  for  the 
eyebars. 

63,     The  side  view  of  the  vertical  at  Cis  next  drawn  on 

the  right  end  of  the  sheet,  and  the  eyebars  and  top  chord 
are  shown  in  cross-section  in  their  relative  positions. 
The  center  line  of  this  view  is  located  parallel  to  and 
1}  inches  from  the  right  border  line.  The  cross*section  is 
first  drawn  in  the  same  way  as  for  the  end  post  (see 
Art.  46).     Then,  the  vertical  is  drawn  Si  inches  in  width, 
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^nd  the  tie-plate  and  lattice  bars  are  drawn  accordincf  to  the 
cSimensions. 

The  g:aug:e  lines  of  the  rivets  in  the  flang:es  of  the  chan- 
nels are  scaled  in  position »  and  the  center  lines  of  the  lattice 
lars  are  drawn  as  explained  before.  The  lattice  bars  can 
then  be  drawn  in.  The  view  is  broken  3f ,  4i,  and  6|  inches 
l)elow  the  center  line  of  the  top  chord.  The  angles  on  the 
right  side  of  this  view  are  located  by  projecting  the  top  and 
bottom  across  from  the  dotted  lines  shown  in  the  front 
elevation;  the  rivet  holes  are  then  located  according  to  the 
dimensions.  These  angles  are  for  the  connection  of  the 
transverse  strut  to  the  vertical. 

The  cross-section  of  the  top  chord  can  now  be  drawn. 
The  pin  nuts  on  the  outside  of  this  section  are  1  inch  in 
thickness  with  recesses  f  inch  deep»  and  the  threaded  ends 
of  the  pins  project  i  inch  beyond  them  at  each  end.  The 
eyebars  forming  the  diagonal  that  connects  at  C  are  shown 
between  the  inside  surfaces  of  the  chord  section  and  the 
outside  surfaces  of  the  vertical. 

54.  Plan  of  Top  Chord. — The  plan  of  the  top  chord  is 
shown  at  the  upper  part  of  the  plate.  The  center  line  of 
this  view  is  drawn  parallel  to  and  3i  inches  from  the  top 
border  line.  The  centers  of  the  joints  are  located  by  project- 
ing up  from  the  elevation.  In  the  portion  of  the  plan  shown 
below  the  center  line  of  the  chord,  it  is  assumed  that  the 
upper  flange  is  removed.  The  web  is  first  drawn  in  cross- 
section,  A  inch  thick,  with  the  inner  line  6  inches  from  the 
center  line.  Next,  the  8-inch  side  plate  at  the  joint  C  and 
the  pin  plates  at  the  joint  B  are  shown  in  section.  Their 
ends  are  located  by  projecting  up  from  the  center  line  of  the 
elevation.  The  plan  is  broken  off  at  three  places,  each  of 
which  is  3f  inches  from  the  next  joint.  The  line  represent- 
ing the  outside  surface  of  the  vertical  leg  of  the  bottom 
flange  angle  is  next  drawn,  and  then  the  gauge  line  and 
the  outer  edge  of  the  bottom  flange  angle.  The  rivets  are 
located  on  the  gauge  line  according  to  the  dimensions  given, 
and  the  tie-plates  and  lattice  bars  put  in  on  this  half  of  the 
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plan.     The  ends  of  the  tie-plates  on  the  bottom  flange 
the  elevation  can  now  be  located  by  projecting:  down  froi 
the  plan. 

55.  The  upper  half  of  the  plan  is  now  drawn.     It  is  be^s 
first  to  draw  the  gauge  line  of  the  rivets  in  the  outstanding   -i 
leg  of  the  flange  angle  8iV  inches  from  the  center  line,  an»-i= 
to  locate  the  rivets  along  this  line  according  to  the  dimei= 
sions  given  on  the  plate.     Then,  the  tie-plates  and  lattic=^ 
bars  can  be  drawn  as  shown,  and  afterwards  the  lines  repr^ 
senting  the  web  and  vertical  leg  of  the  top  flange  angle  cbmm 
be  drawn.     By  proceeding  in  this  way  for  both  joints,  the 
proper  parts  of  the  lines  representing  the  web  can  be  shown 
full  or  dotted  the  first  time  they  are  drawn.     The  open  holes 
in  the  plan  near  the  joint  B  are  for  the  connection  of  the 
portal  at  this  joint. 

56.  At  the  joint  C  there  is  also  shown  the  connection  of 
the  top  flange  of  a  transverse 'frame' and  of  two  diagonals  of 
the  upper  lateral  truss  to  the  top  flange  of  the  top  chord. 
For  this  purpose,  the  top  tie-plate  at  this  joint,  which  is 
2  feet  91  inches  in  width,  is  extended  out  1  foot  5ii  inches 
from  the  center  line  of  the  chord,  and  acts  as  a  gusset  or 
lateral  connection  plate.  The  center  line  of  the  transverse 
strut  is  located  by  projecting  up  from  the  elevation.  The 
top  flange  angles  of  the  transverse  strut  are  tV  inch  apart, 
and  the  legs  shown  in  this  plan  are  each  3  inches  wide.  The 
angles  are  broken  off  21  inches  from  the  center  line.  Next, 
the  center  lines  of  the  diagonals  are  put  in  according  to  the 
given  skew,  in  the  manner  explained  in  Art.  19.  They  are 
drawn  from  the  intersection  of  the  center  lines  of  the  chord 
and  transverse  strut.  In  the  present  case,  each  diagonal  is 
composed  of  one  angle,  the  leg  shown  in  the  plan  being 
2h  inches  in  width.  The  angles  are  located  with  the  backs 
on  the  center  lines,  and  at  the  ends,  small  angles,  called 
lupT  an|2:lcs,  help  to  transmit  the  stress  from  the  lateral 
angle  to  the  gusset.  When  there  is  no  lug  angle  on  the 
end  of  a  lateral,  the  center  of  gravity  of  the  lateral  is  usually 
made  to  coincide  with  the  center  line  drawn  on  the  sheet. 
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When,  as  in  this  case»  there  is  a  lug:  ang:le  at  the  end,  the 
center  of  gravity  of  the  lateral  ang:le  is  also  sometimes  made 
to  coincide  with  the  center  line  as  just  described;  but  it  is 
frequently  arranged  as  shown  in  the  plan,  the  center  line 
passing  between  the  lug  angle  and  lateral  angle  and  coinci- 
ding with  the  back  of  the  latter  throughout  its  length.  The 
lateral  angles  are  shown  broken  off  about  f  inch  from  the 
top  border  line. 

57.  The  pins  and  top  views  of  the  verticals  are  frequently 
shown  with  the  plan  of  the  top  chord.  They  are  omitted 
here  simply  to  avoid  confusion  and  unnecessary  work. 


DRAWING  PliATE   110,  TITLE:    HIGHWAY-BRIDGE 

DETAILS 

58.  In  making  a  bridgd  drawing,  it  is  customary  to 
draw  the  elevation  first  and  then  the  plan  and  lateral  con- 
nections, as  in  the  preceding  plate.  *  In  driawing  the  present 
plate,  however,  since  the  student  is  familiar  with  the  general 
arrangement  of  the  parts,  it  will  be  most  convenient  for  him 
to  draw  the  plan  first.  In  the  plan  on  this  plate,  there  is 
shown,  in  addition  to  the  detail  of  the  connection  of  the 
laterals  to  the  top  chord,  the  detail  of  the  intersection  of 
the  two  diagonals  of  the  top  lateral  truss  at  the  center  of  a 
panel,  and  also  the  angle  that  connects  this  intersection 
with  the  top  flanges  of  the  transverse  frames  near  the  center 
of  the  bridge. 

The  center  line  of  the  top  chord  is  first  drawn  parallel  to 
and  4i  inches  from  the  top  border  line.  The  panel  point 
at  D  is  then  located  W  inches  from  the  left  border  line,  and 
that  at  E  20  feet  \  inch  from  it,  to  the  scale  of  I  inch  to 
the  foot.  Vertical  lines  are  drawn  at  these  points  to  repre- 
sent the  center  lines  of  the  verticals.  The  cross-section  of 
the  web  and  pin  plates  and  the  bottom  plan  of  the  top 
chord  are  drawn  in  the  same  way  as  in  the  preceding  plate. 
The  splice  plates  shown  in  cross-section  are  2  feet  3  inches 
long,  and  their  centers  are  2  feet  6i  inches  from  the  center 
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of  the  pin  at  D,  The  pin  plates  on  the  inside  of  the  chord 
at  D  and  E  are  each  2  feet  Z\  inches  long.  The  remainder 
of  this  plan  can  be  drawn  according  to  the  dimensions.  It 
is  shown  broken  off  4i  inches  to  the  left  and  Si  inches  to 
the  right  of  the  center  of  the  joint  at  /?,  and  3i  inches  to  the 
left  and  right  of  the  center  of  the  joint  at  E. 

59.  Next,  the  gauge  line  of  the  rivets  in  the  top  flange 
angle  is  located  8 A  inches  above  the  center  line,  and  the 
rivets  are  located  along  this  gauge  line  according  to  the 
dimensions.  Then,  the  tie-plates  and  lattice  bars  are  put  in 
as  shown.  The  tie-plates  are  the  same  size  as  those 
described  in  Art.  56  in  connection  with  the  preceding 
plate.  The  lines  representing  the  top  flange  angle  and  the 
side  of  the  web  are  then  put  in,  completing  this  part  of 
the  view. 

60.  Next,  the  center  line  of  the  struts  that  run  from  the 
intersections  of  the  diagonals  to  the  transverse  frames  is 
drawn  parallel  to  and  \  inch  from  the  top  border  line.  The 
gauge  line  of  the  angle  is  assumed  to  coincide  with  this 
center  line;  at  the  center  of  the  panel,  two  lines  are  drawn 
at  the  proper  skew  to  represent  the  center  lines  of  the 
diagonals,  and  short  lengths  of  these  diagonals  are  drawn. 
Then,  the  ends  of  the  longitudinal  angles  are  located,  and 
the  gusset  at  the  center  of  the  panel  is  drawn  according  to 
the  given  dimensions.  The  center  lines  of  the  transverse 
struts  have  already  been  draw-n,  and  the  angles  are  spaced 
equally  on  each  side  of  those  lines,  the  angles  being  t^  inch 
apart,  and  each  being  3  inches  in  width.  These  angles  can 
now  be  drawn,  and  broken  off  about  i  inch  from  the  top 
border  line  and  about  half  way  between  the  center  line  of 
the  bridge  and  the  center  line  of  the  top  chord.  The  gussets 
at  the  centers  of  the  transverse  frames  can  now  be  drawn 
according  to  the  dimensions.  The  laterals  are  then  drawn, 
thus  finishing  the  plan. 

(>1 .  The  center  line  of  the  top  chord  in  elevation  is 
parallel  to  and  7  inches  from  the  top  border  line.  The  cen- 
ter lines  of  the  verticals  have  already  been  located.    The  top 
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chord  can  first  be  drawn  according  to  the  dimensions.  Since 
this  view  is  entirely  similar  to  views  of  the  top  chord  previ- 
ously drawn,  it  is  deemed  unnecessary  to  explain  it  in  detail. 
The  views  are  broken  4J  inches  to  the  left  and  3*  inches  to 
the  right  of  the  center  of  the  pin  at  /?,  and  3i  inches  to  the 
left  and  li  inches  to  the  right  of  the  center  of  the  pin  at  £. 
The  rivets  in  the  chord  near  the  pin  at  D  are  shown  counter- 
sunk on  the  inside  to  leave  room  for  the  eyebar  heads. 
At  Ei  both  diagonals  are  counters  and  connect  at  the  center 
of  the  pin.  There  is  then  no  necessity  for  countersinking 
the  rivets  at  the  joint  E. 

62.  The  verticals  can  next  be  drawn  in  the  same  way  as 
has  been  described  several  times  in  the  preceding  articles. 
Both  verticals  are  broken  off  3f ,  3f ,  and  5f  inches  below 
the  center  line  of  the  top  chord.  The  top  line  of  the  angles 
shown  dotted  is  i  inch,  and  the  bottom  line  is  5i  inches, 
below  the  center  line  of  the  top  chord. 

63.  The  eyebars  can  next  be  drawn  3  inches  in  width 
and  with  circular  heads  having  a  radius  of  4  inches.  The 
pins  are  3i  inches,  the  threaded  ends  are  2i  inches,  and  the 
pin  nut  is  5A  inches  in  diameter.     These  can  now  be  drawn. 

64.  In  order  to  avoid  confusion  in  the  drawing,  the 
upper  end  of  the  verticals,  which  are  alike,  is  shown  by  itself, 
half  way  between  the  two  verticals  and  with  the  center  of  the 
pinhole  2  inches  below  the  center  line  of  the  top  chord.  The 
rivets  connecting  the  pin  plate  to  the  web  of  the  channel  are 
shown  flattened  on  the  outside  to  I  inch  in  height.  This  is 
necessary  at  the  joint  D  to  leave  room  for  the  eyebar  heads, 
and  is  done  at  joint  E  for  the  purpose  of  having  the  verticals 
alike. 

65.  The  side  view  of  the  verticals,  showing  also  the 
cross-section  of  the  top  chord,  is  given  on  the  right-hand  end 
of  the  plate,  with  the  center  line  parallel  to  and  2  inches  from 
the  right  border  line.  This  is  so  much  like  other  side  views 
that  have  been  already  explained  in  full  that  it  is  deemed 
unnecessary  to  explain  this  view  in  detail.     The  nuts  are 
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1  inch  in  thickness,  with  recesses  i  inch  deep,  and  the 
threaded  ends  project  i  inch  at  each  end  beyond  the  outer 
surfaces  of  the  nuts.  The  two  diag:onals  that  connect  at  E 
are  shown  iV  inch  apart.  The  spaces  between  their  outer 
surfaces  and  the  inner  surfaces  of  the  verticals,  and  between 
the  outer  surfaces  of  the  verticals  and  the  inner  surfaces  of 
the  chord  sections,  are  filled  with  filling  rings  5  inches  in 
diameter. 
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Note  1. — All  items  in  this  index  refer  first  to  the  section  (sec  the  Preface),  and  then 
X.O  the  pafre  of  the  section.  Thus.  "Abutment  location,  (82.  p4."  means  that  abutment 
location  will  be  foxmd  on  page  4  of  section  82. 

Notb2. — ^The  abbreviations  hb  and  rtb  in  this  index  stand,  respectively,  for  "highway 
Inidge  "  (or  *"  bridges  ")  and  "  railroad  truss  bridge  "  (or  "  bridges"). 

Angles,  Connection,  for  floor.  Specifications 
for.  574,  ppl4.  45. 
Flange.  Specifications  for,  $74,  ppl6.  36. 
Reentrant,  Specifications  relating  to.  574. 

p46. 
Single.    Specifications    relating    to,     (74, 
ppll.31. 
Annealing,  Specifications  relating  to,  574,  p46. 
Area  of  bearing  for  hb,  $78,  p40. 
of  bearing  for  rtb.  579,  p61. 
of  flanges,  C^culation  of.  $75,  p6. 
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design.  $82,  p!l8. 
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Width  of  base  of.  $82.  p51. 
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Flaring-wing,  Design  of,  $82,  p57. 

for  an  I-beam  hb,  Location  of,  $76.  pi. 

Materials  used  for,  $82.  p62. 
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Pier.  Uses  of.  $82.  p61. 

Plans  for.  $82,  p9. 
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Specifications  for.  $82.  p64. 
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for  plate  girders,  $75.  p30. 

for  rtb.  Design  of.  $79.  p61. 
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Bedplates  for  bridges,  Specifications  for,  $74, 
pp20,  40. 
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Bids  for  bridges.  $74.  p3. 
Blocks,  Chord,  in  wooden  bridges,  $80,  p24. 
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Breakers.  Ice,  for  piers.  Object  of,  582,  pS, 
Bridge,  Combination.  580.  pp3,  6,  35. 
cn)ssing,  Direction  of,  582,  p4. 
crossing.  Skew.  §82.  ]A. 
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seats  for  stringers  of  rtb,  579,  p65. 
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of  roof  truss.  Definition  of.  (81.  p>5. 
splices  for  rth.  Design  of.  (79.  p48. 
Top,  of  hb,  Design  of.  §77.  iw39. 
Top.  ot  hb.  Splices  in.  J78  pi 4. 
Top.  of  hb.  Width  of.  J78,  pi 7. 
Top,  of  Howe  wooden  bridge,  J80,  p26. 
Top.  of  rtb,  Design  of.  }79.  p34. 
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Top,  of  rtb.  Splicing  of.  $79.  p48. 
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p34. 
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bridges.  Design  of,  (80.  pp6,  35. 
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Design — (Continued) 
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Details.    Bridge.    Specifications   relating  to^ 
$74.  ppll.30. 

of  hb  (Plates).  $83.  ppll.  19.  25.  31. 

of  I-beam  railroad  bridge.  $76.  pi 7. 
Diagonals  of  hb.  Design  of.  $77.  p35. 

of  rtb.  Design  of.  $79.  p30. 
Diagram,  Clearance,  for  bridge.  $74.  p57. 
Diaphragms  for  I-beam  hb.  $76.  pll. 
Dimension  lines,   Location  of,  in  dmiriags. 
$83.  p2. 

Over-all,  Definition  of.  $83.  p3. 
Dimensions.  Specifications  relating  to  vam* 

tions  in,  $74.  p46. 
Distance  between  roof  trusses,  $81.  p4. 
Divergence   of    chord  members  in  hb,  §78, 

p30. 
Douglass  fir.  Working  stresses  in,  $80,  pi 
Drawing  of  bridge  joints.  $83.  pp20.  28. 

of  bridge  members.  $83.  pplO.  19. 

of  bridge  verticals,  $83.  pp30.  27. 

of  eyebars,  $83,  p21. 

of  lateral  system.  $83.  p31. 

of  pin  plates,  §83.  p25. 

plates.  General  directions  for  making.  $83. 
P8. 

plates  of  hb  details.  §83.  ppl  1 .  19,  25. 31. 

plates.  Size  of.  §83.  p9. 

Skeleton.  (;f  a  truss,  §83.  plO. 
Drawings.  Bridge.  Size  «»f.  §8.3.  p8. 

Location  of  dimensions  on.  §83,  p2. 

Numbering  of,  §83.  i)8. 

Use  of  center  lines  in.  §83.  pi. 

Use  of  shortened  views  in.  §83.  p.'J. 

Working,  sxibmitted  by  contractor,  §74,  p4. 
Drift    Effect  of,  on  piers,  §82.  p29. 
Drilling,  Specifications  relating  to.  $74.  p47. 


Eccentricity  of  bottom  chord  of  rtb.  §79.  p29. 

of  top  chord  of  rtb,  §79,  p37. 
Employment  of  men,  Specifications  nlating 

to.  §74,  p53. 
End  fltxirbeam  for  hb,  Design  of.  §77.  p22. 

frames  for  rtb.  Design  of.  §79.  pl8. 

I)ost  of  hb.  Connection  of,  to  p«:'rtal,  $78. 
p45. 

pr^st  of  hb.  Effect  of  wind  on.  §77.  p51. 

I.ost  of  rtb.  Design  of,  $79,  pp37.  46. 

stitTeners  for  plate  girders.  §75,  p31. 

struts  for  rtb.  Design  of.  §79,  pl8. 
Engineer,  Use  of  the  term,  in  bridge  specifica- 
tions, §74,  p3. 
Equipment  of  bridges,  Maximum,  §74  p57. 
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Crection  of  bridges.  Specifications  relating  to. 

§74,  p52. 
Estimates,  Preliminary,  for  bridge  construc- 
tion, 882,  pp6,  7,  9. 
Expansion  of  bridges.  Specifications  relating 
to.  J74,  ppl3.  32. 
roUers  for  bridges.  Specifications  for,  (74, 

pp20,  40.  50. 
roUers  for  hb.  878.  p42. 
rollers  for  rtb.  879,  p62. 
Extension  of  time  in  bridge  contracts,  874, 

P4. 
Extra  work,  Specifications  relating  to,  874, 

p53. 
Eyebar  heads.  Drawing  of,  883.  p7. 
tests.  Specifications  for,  674,  p45. 
Eyebara.  Drawing  of.  883.  p21. 
Minimtmi  thickness  of,  874.  pl8. 
Specifications  relating  to,  874,  p49. 


Failure  of  piers.  Causes  of.  882.  p24. 
Pasda  girder.  Definition  of,  877.  p5. 
girders  of  hb,  Connection  of,  to  bracket, 

878.  p3. 

Fence  for  hb.  Connection  of,  to  bracket,  878, 

P3. 
Field  connections.  Specifications  relating  to. 
874,  p47. 
riveting  of  splices.  Specifications  relating 
to.  874,  p52. 
Fillers.  Loose,  for  plate  girders,  875,  p33. 

Tight,  for  plate  girders.  875.  p33. 
Final  test  of  a  bridge.  Specifications  relating 

to.  874.  p63. 
Fir,  Dotiglass,  Working  stresses  in,  880,  p4. 
Flange  angle  splices,  875,  p23. 
area.  Calculation  of.  875,  p6. 
areas,  Curve  of,  875,  pp7,  19. 
members  for  plate  girders,  Length  of,  875, 

p7. 
members.  Specifications  relating  to,   874, 

p48. 
-plate  slices,  875.  p26. 
plates    for    plate-girder    railroad    bridge. 

Lengths  of.  876,  p36. 
plates  for  plate  girders.  Length  of.  875,  p27. 
plates  in  intermediate  floorbeams  of  rtb, 

Length  of,  879,  pl3. 
plates.  Vertical.  Plate  girders  with.  875,  pl8. 
plates.  Vertical,  Splices  in.  875,  p28. 
rivets  for  plate  girders.  Pitch  of.  875,  pl4. 
rivets  in  floorbeams  of  hb.  877,  ppl9,  25. 
rivets  in  intermediate   floorbeams  of  rtb. 

879.  pl4. 

rivets  in  plate-girder  railroad  bridge,  Pitch 
of,  876,  p29. 

135—39 


Flange — (Continued) 

rivets  in  plate  girders.  Specifications  for, 

874.  ppl5.  36. 
rivets  in  stringers  of  rtb,  879,  p7. 
splices  for  plate  girders.  Specifications  for, 

874,  ppl6.  37. 
Flanges,  Floorbeam,  for  hb,  Design  of,  877, 

ppl9.  24. 
for  plate-girder  railroad  bridge,  Design  of, 

876.  p31. 
Inclined,  Plate  girders  with,  875.  pl7. 
of  intermediate  floorbeams  of  rtb,  Design 

of.  879.  pl2. 
of  plate  girders.  Design  of,  875.  p5. 
of    plate    girders.  Specifications   for,   874, 

ppl6.  36. 
of  stringers  of  rtb,  Design  of,  879,  p6. 
Flaring- wing  abutment.    Definition  of,   882, 

p53. 
-wing  abutments.  Design  of,  882,  p57. 
Floor  connections  for  hb.  Design  of  878,  pi. 
connections,  Specifications  relating  to,  874. 

ppl3,  34. 
for  hb,  Details  of,  878,  pi. 
for  I-beam  hb,  876,  plO. 
members,  Specifications  for  design  of,  874, 

pplO,  13,  32. 
system  for  hb.  Design  of,  877.  p4. 
system  for  rtb,  Design  of,  879,  p3 
system  of  a  bridge.  General   methods  o( 

arranging,  874.  p58. 
systems,  Specifications  relating  to  details 

of,  874.  ppl3.  32. 
Floorbeam    connections.    Specifications    for, 

874.  ppl3.  34. 
End.  for  hb.  Design  of.  877.  p22. 
End,  of  hb,  Connection  of,  to  truss.  878,  pl2 
flanges  for  hb.  Design  of.  877,  ppl9,  24. 
gussets.  879,  pl7.     • 
Intermediate.  Drawing  of,  883.  p22. 
of  hb.  Connection  of.  to  truss,  878,  p9. 
of  rtb.  Connection  of.  to  stringer,  879,  p9. 
web  for  hb.  Design  of.  877,  ppl8,  24. 
Floorbeams,    End,    Specifications    for,    874, 

pl4. 
for  Towne  lattice  truss.  880,  p32. 
Intermediate,  for  hb.  Design  of,  §77,  pl3. 
Intermediate,  for  rtb,  Design  of.  §79,  plO 
Intermediate,    of    rtb.    Connection    of,    to 

truss,  §79.  pl5. 
of  hb.  Connection  of.  to  roadway  stringers, 

878.  p5. 
of  hb.  Connection  of,  to  sidewalk  bracket, 

§78.  pll. 
Floors,  Paved,  Specifications  for,  §74,  p34 
Solid,  Specifications  for,  §74,  pl4. 
Wooden,  Specifications  for,  §74,  p32. 
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Footings,  Abutment.  Design  of,  f82,  p52. 

for  piers.  General  remarks  on,  {82.  pl3. 

of  a  pier.  $82,  p3. 
Foundation  of  a  pier,  Failure  of,  (82.  p26. 

of  a  pier,  Pressure  on,  (82,  p43. 
Frame,  Transverse,  of  hb.  Connection  of,  to 

truss.  J78.  p43. 
Frames,  End.  for  rtb,  Design  of.  {79,  pl8. 

for  I-beam  hb,  §76,  pll. 

Transverse,  for  hb.  Design  of,  §77,  p45. 

Transverse,  for  rtb.  Arrangement  of.  $79. 
p41. 
Frost  batter  of  a  parapet.  §82.  p50. 


Girder.  Fascia.  Definition  of,  §77,  p5. 
Girders,    Fascia,   for  hb.   Connection  of,  to 

bracket,  §78.  p3. 
Plate  (see  Plate  girders). 
Grip  of  rivets.  Specifications  for,  §74,  pl2. 
Guard  timbers  for  bridges.  Specifications  for. 

§74.  ppl3.  32. 
Gussets.  Floorbeam,  §79,  pl7. 


Half-through  bridges.  Specifications  relating 
to  use  of.  §74.  p6. 
-throujTh  plate-girder  bridges,  §75,  pi 7. 
Hand  railing  for  highway  bridges.  Specifica- 
tions fnr,  §74.  pG/j. 
Head  of  a  T  abutment.  Definition    of,  §82, 

p48. 
Heads,  Eyebar,  Drawing  of,  §83,  p7. 
Heel  joints  for  steel  roof  trusses,  §81.  p51. 
joints  for  wcKxlen  n)of  trusses.  §81.  jAl. 
Height  of  a  bridKe.  Clear.  §74,  p."}?. 

of  i)iers,  Citnditions  affeetinK,  §82.  pi 4. 
Highway  bridge,   Bridge-scat  plan  for,   §78, 
p-lf). 
bridge.  Design  (»f.  §77.  pi. 
bridge.  Design  of  l.>earings  for.  §78.  p40. 
bridge.  Design  of  floor  connections  for,  §78, 

ri. 

bridge.  Design  of  floor  system  for,  §77,  ]A. 
bridge.   Design  of  lateral  connections  f-ir. 

§78.  pl4. 
bridge.  Design  of  lateral  system  of,  §77,  i>42. 
bridgr,  Design  of  main  membc-rs  for    §77, 

1.20. 
bridKe,  Design  «if  pins  and  y)in  plates  for, 

§7S.  plf). 
-bridge  details  (Plates).  §83.  i)pll,  10.  25, 

31. 
bridge.  I-1)ea:n,  Design  of.  §7(),  X'l. 
bridge.  Kind<;  of,  §77,  i>2. 
bri-lge.  L..ads  on.  §77.  pjCY).  29.  31. 
bridge.  I^)ngitMdinal  thru.-.t  in.  §77,  p32. 


Highway — (Continued) 

bridge.  Stresses  in  main  members  of.  §77 
p26. 

bridge.  Weight  of.  §77,  p30. 

bridge.  Width  of,  §77,  p3. 

bridges.  Live  loads  used  for,  §74,  p62. 

bridges.  Weights  of,  §74.  p66. 
Highways,  Piers  in,  §82,  pl4. 
Hip  joint  in  combination  bridges,  §80,  p38. 

vertical.  Drawing  of.  §83.  p27. 

vertical  of  hb.  Design  of,  §77,  p37. 

vertical  of  rtb.  Design  of.  §79.  p33. 
Holes,  Rivet,  Specifications  relating  to.  §74. 

p47. 
Howe  truss,  Wooden,  Description  of,  §80.p24. 

truss.  Wooden.  Lateral  system  for,  §80.p31. 

truss.  Wooden,  Splices  for.  §80.  p28. 


I-beam  railroad  bridge.  Depth  of,  §76,  pl6. 
-beam  railroad  bridge.  Design  of,  §76.  pl2. 
-beam  railroad  bridge   Details  of,  §76,  pl7. 
-beam  rail  mad  bridge.  Plan  of,  §76,  pl7. 
beams.  Design  of.  §7.'),  p2. 
beams  for  hb.  Arrangement  of,  §76,  p23. 
beams  for  hb.  Depth  of,  §76,  p3, 
beams  of  hb.  Spacing  of.  §76,  p3. 
beams  for  railroad  bridge,  Depth  of.  §76. 

pl4. 
lx?ams  for  railroad  bridge,  Spacing  of.  §76, 

Pl4. 
beams,   Spccificatir'ns   relating  to  connec- 
tions of,  §74,  pl3. 
Ice  breakers  for  piers.  Object  of.  §82.  p3. 
ElTects  of.  on  i)iers,  §82.  p2iK 
Pressure  of.  <.>n  piers,  §82.  p20. 
Imjiact  and  vibrati»m.  Allowance  for   in  hb. 

§77,  pp27,  29. 
and    vibration.   Allowance    for,   in   I-lwam 

railrr»ad  bridge,  §70.  pl4. 
and  vibration.  Allowance  for.  in  intenre- 

diate  llo.jrbeams  of  rtV.i.  §79,  i)10. 
and  vibration.  Allowance  for,  in  rtb,  §7^. 

p22. 
and  vibration.  Allowance  for,  in  stringers 

of  itb.  §79.  r>4. 
and    vibration.    Specifications    relating   te, 

§74,  pp7,  2(). 
Effect  of,  on  bridge  stresses.  §74.  T>r)3. 
Inclined  flanges,  Plate  girders  with.  §75.  pl7. 
Insi)e(.tion  of  bridges,  Sp<'cifications  relating 

to.  §74.  p53. 
Inspectors.  Specifications  relating  t«\  §74.  iW)3. 
Intermediate     floorlx'am.    Drawing    <.>f.    §83, 

p22. 
flonrl)eams  tor  hb.  Design  of.  §77   pl3. 
floorbeams  for  rtb.  Design  of    §79.  plO. 
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Intermediate — (Continued) 
floorbeams  of  rtb,  Connection  of,  to  truss, 
815,97. 
Inflation,  Letter  of,  {74.  pp3,  54. 
Iron,  Wrought,  Specifications  for.  874,  p43. 


Joint,  Peak,  for  steel  roof  truss,  881.  p50. 

Peak,  for  wooden  roof  truss.  881,  p44. 
Joints,  Bridge,  Drawing  of,  883.  pp20.  28. 

Chord,  for  combination  roof  trusses.  881, 
p48. 

Chord,  for  steel  roof  trusses,  881,  p53. 

Chord,  for  wooden  roof  trusses,  881,  p46. 

for  combination  bridges.  880.  pp35.  37. 

for  steel  roof  trusses,  881.  p49. 

for  wooden  roof  trusses,  881,  p44. 

Heel,  for  steel  roof  trusses,  881,  p51. 

Heel,  for  wooden  roof  trusses,  881,  p47. 

in  riveted  trusses.  879,  p51. 

in  stone  masonry.  882,  p64. 

of  rtb.  Design  of.  879,  p51. 

Rafter,  for  steel  roof  trusses,  881,  p49. 

Rafter,  for  wooden  roof  trusses,  881,  p44. 


Kingpost,  Definition  of.  880.  p7. 

truss,  Description  of,  880,  p7. 

truss.  Stresses  in.  880,  p9. 

truss.  Uses  of.  880.  p7. 
Kingrod  bridge.  Example  of.  880,  pl2. 

truss.  Description  of.  880.  p8. 

trass.  Stresses  in,  880,  p9. 
Knee  bracing  of  bridges,  Specifications  for, 
874  pp22.  41 


Lateral  bracing  between  stringers  of  rtb,  879, 
P6. 
bracing  for  bridges,  Specifications  for,  874. 

pp21,41. 
connections  for  hb,  Design  of,  878.  p43 
system.  Drawing  of,  883,  p31. 
system  for  hb.  Design  of,  877,  p42. 
system  for  plate-girder  railroad  bridge,  876. 

p43. 
system  for  Towne  lattice  truss,  880,  i)35. 
system  for  wooden  Howe  truss,  880,  p31. 
system  of  rtb.  Design  of.  879,  p38. 
system  of  rtb,  Stresses  in.  879.  p38. 
systems  of  roof  trusses.  881.  p42. 
Laterals,  Lower,  Connection  of.  to  truss  in 

rtb.  879,  p60. 
Lattice  bars.  Specifications  for,  874,  ppl2.  31. 

truss,  Towne,  Description  of,  880.  p32. 
Laws,  Duties  of  contractor  relating  to,  874. 
p53. 


Length  of  flange  plates  in  intermediate  floor- 
beams  of  rtb,  879,  pl3. 
of  intermediate  floorbeams  for  rtb,  879,  plO. 
Over-all,  Definition  of,  883,  p3. 
Panel,  of  roof  truss,  881.  p6. 
Lengths  of  plate-girder  members,  875,  pl9. 
Panel,     Specifications    relating    to,     874, 

pp5,  23. 
Letter  of  invitation,  874,  pp3,  64. 
Line,  Neat,  Definition  of,  882,  p2. 
Lines,  Dimension,  Location  of,  in  drawings, 

883,  p2. 
Working,  of  I-beam  railroad  bridge,  876, 

pl8. 
Live-load    moments    in    intermediate    floor- 
beams  of  rtb,  879,  plO. 
-load  moments  in  rtb,  879,  p21. 
load   on   bridges.   Specifications  for,    874, 

pp7.  24. 
load  on  end  floorbeam  of  hb.  877,  p24. 
load  on  I-beam  hb,  876,  p6. 
load  on  I-beam  railroad  bridge,  876.  pl4. 
load  CM  intermediate  floorbeams  of  hb,  877, 

pl5. 
load  on  plate-girder  railroad  bridge,  876, 

p23. 
-load  shears  in  intermediate  floorbeams  of 

rtb,  879.  plO. 
-load  shears  in  rtb,  879,  p21. 
•load  stresses  in  hb.  877,  p26. 
loads  for  highway  bridges,  874,  p62. 
loads  used  for  i-ailn>ad  bridges.  874,  p61. 
Load.   Dead,  on   bridges.  Specifications  for, 

874,  pp7,  24. 
Dead,  on  end  floorbeam  of  hb,  877,  p22. 
Dead,  on  hb,  877,  p29. 
Dead,  on  I-bcam  hb,  876,  p7. 
Dead,  on  I-beam  railroad  bridge,  876,  pl5. 
Dead,  on  intermediate  floorbeams  of  hb, 

877,  pl3. 
Dead,  on  plate-girder  railroad  bridge,  876, 

p22. 
Dead,  on  roof  trusses,  881.  p8. 
Live,  on  bridges.  Specifications    tor,   874, 

Pp7.  24. 
Live,  on  end  floorbeam  of  hb.  877,  p24. 
Live,  on  hb,  877,  p26. 
Live,  on  I-beam  hb.  876,  p6. 
Live,  on  I-beam  railroad  bridge.  876,  pl4. 
Live,  on  intermediate  floorbeams  of  hb,  877, 

pl5. 
Live,  on  plate-girder  railroad  bridge,  876, 

p23. 
Snow,  on  roof  trusses,  881.  p8. 
Wind.  Allowance  for,  in  stringers  of  rtb, 

879,  p5. 
Wind,  on  hb.  877,  p31. 
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Wind,  on  I-beam  railroad  bridge,  {76,  pl5. 
Wind,  on  plate-girder  railroad  bridge.  576, 
p25. 
Loading  of  bridges.  Specifications  relating  to, 
§74,  pp7.  24. 
Systems  of,  used  for  railroad  bridges,  §74. 
p61. 
Loads,  Dead,  Assumed  in  bridge  design,  (74. 
p66. 
Live,  used  for  highway  bridges,  874,  p62. 
Live,  used  for  railroad  bridges.  574,  p61. 
on  roof  trusses,  581,  p8. 
Panel,  on  roof  trusses,  581.  p9. 
Location  of  bridges.  574,  p56. 

of  piers  and  abutments.  582,  p4. 
Longitudinal  force  on  bridges.  Specifications 
for.  574.  pp8.  27. 
shear  in  a  beam,  575.  pplO,  12. 
thrust.  Allowance  for.  in  rtb,  579,  p25. 
thrust,  Effect  of,  on  piers,  582,  p31. 
thrust  in  hb.  577,  p32. 
Loose  fillers  for  plate  girders.  575.  p33. 
Lower  lat(.>ral  truss  of  hb.   Design  of,   577, 
pp44,  49. 
lateral  truss  of  rtb.  Design  of.  579.  p45. 
lateral  truss  of  rtb.  Stresses  in,  579,  p39. 

M 

Main  bridge  seat.  Definition  of,  §S2,  p3. 

rafter.  Definitiun  of,  581.  p5. 
Masonry,  Stcne.  joints  in,  §82.  pr»4. 
Material?  for  bridges.  Specifications  for,  574, 
p42. 

for  piers  and  abutments.  §82,  p62. 

for  HMjf-tniss  ovorinK.  §81,  p7. 

for  roof  trusses.  §81,  i>41. 
Maxinumi  bcnilinj?  nioim-nt  in  I  lx*am  railroad 
bridj.'e.  §70,  ppl4,  15 

equipment  of  bridKos.  §74,  p57. 

moments  in  rti).  §70.  p25. 

shears  in  rt>).  §79.  p2o. 
Memlx^rs.  Hrid«e    Drawing  of.  §83,  pl9 

Main,  of  hb.  Design  of.  §77.  p2(>. 

Main,  of  hb,  Stress<*s  in,  §77,  p2G, 

Main,  of  rlh.  Design  of,  §79   p27. 

Main,  of  rtb,  Stresses  in.  §79,  i)20. 

Web   of  }ib.  Design  of,  §77,  p35. 

Web.  <.f  rtb    Design  ..f.  §79.  p.3(). 
Mcn.Si>ocirications  relating  toemi»loyment  of. 

§74.  iv,3.  , 

Mill  orders. Six'eifuations  relating  to,  §74.pr>l. 

tests.  SiK-eification-,  relating  to.  §74,  p4l. 
Minimum  thickness  of  bridge  parts,  §74,  ])3(). 

thickness    i>i    material,    Sj)ecifications    for, 
§74,  pTill.  30. 
Modulus,  Section,  of  plate  girder   §75,  p3. 


Moment,  Bending,  of  pins  of  hb.  578.  pl6. 

Dead-load,  in  intermediate  floorbeams  of 
rtb,  579.  pll. 

of  water  pressure  on  piers,  582,  p35. 

Resisting,  of  plate-girder  web,  575,  p20. 

Resisting,  of  web-splice  rivets,  575,  p21. 
Moments.  Dead-load,  in  rtb.  579,  p23. 

Dead-load,  in  stringers  of  rtb.  579,  p5. 

from  ^-ind  pressure  on  piers,  582.  p33. 

in  end  floorbeam  of  hb,  577.  pp22,  24 

in  intermediate  fioorbeams  of  hb,  577,  ppl5, 
18. 

Live-load,   in   intermediate  floorbeams  ci 
rtb.  579,  plO. 

Live-load,  in  rtb,  579,  p21 . 

Live-load,  in  stringers  of  rtb.  579.  p3. 

Maximum,  in  rtb,  579.  p25. 

Resisting,  of  piers.  582.  p36. 
Monitor,  Stresses  in  roof  truss  with.  581.  p30. 
Monitors  on  roof  trusses,  581.  p4. 

N 

Name  plate  for  a  bridge.  Specifications  tela* 

ting  to,  574,  p53. 
Neat  line  of  a  pier.  Definition  of,  582.  p2. 
Nest,  Roller,  for  hb,  578.  p42. 
Nosings  for  piers,  Forms  of,  582,  p20. 

of  piers,  Object  of,  582,  p3. 
Notation  for  bridge  drawings.  583,  p8. 
Numbering  of  drawings,  §83,  p8. 
Nuts,  Pin,  Drawing  of,  583.  p7. 

Pin,  Specifications  relating  to,  §74,  poO. 

(> 

Oak,  White,  Working  stresses  in.  §80,  p4. 

Old  structures,  SjX'cifications  relating  to  re- 
placement of,  §74,  p52. 

Orders,  Mill,  Specifications  relating  to,  §74, 
p54. 

Over- all  dimension.  Definition  of,  §83.  p3. 
-all.  Length,  Definition  of,  §83.  p;j. 

Overturning  of  piers.  Calculations  for,  §82, 
p33. 

*    of  piers.  Forces  tending  to  cause,  §82,  p24. 
Resistance  of  piers  against,  582,  p3tt 


Packing  of  bottom  chord  of  hb,  578.  p29. 
Painting  of    bridges.  Specifications  for,  574. 

1)51. 
Panel  length  of  roof  truss,  581,  p6. 

lengths.     Specifications    relating    to,    574, 

pp5.  23. 
leads  on  roof  trusses,  §81,  pO. 
Parai»et  of  a  bridge  pier,  Definition  of,  §83- 
p,3. 
of  an  abutment.  Dimensions  of,  §82,  p50. 
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Parapets,  Construction  of,  f 82,  p65. 

Patent  devices,  Responsibility  of  contractor 

for  the  use  of,  J74,  pA. 
Paved  floors  for  bridges,  Specifications  for, 

174,  p34. 
Peak  joint  for  steel  roof  truss,  581,  p50. 

joint  for  wooden  roof  truss,  J81.  p44. 
Pedestal  blocks  for  abutments.  (82,  p51. 

blocks  for  piers.  (82.  pp3,  12. 

for  hb,  Desiirn  of,  §78,  p40. 

pier.  Definition  of.  (82,  p2. 
Pedestals  for  high  trestles,  {82,  pi 7. 

for  rtb.  Design  of,  579,  p62. 

for  trestles.  Construction  of,  §82,  p66. 

for  trusses,  Specifications  for,  $74.  pp20, 40. 
Pier  abutment.  Definition  of.  §82,  p2. 

abutments.  Uses  of,  §82,  p61. 

calculations,  §82.  p31. 

construction,  §82.  p62. 

Definition  of.  §82,  pi 

design,  §82,  plO. 

location,  §82,  p4. 

Pedestal,  Definition  of,  §82,  p2. 

wings.  Definition  of,  §82,  p2. 
Piers,  Batter  of.  §82.  pl2. 

Calculations  for  overtummg  of.  §82,  p33. 

Centrifugal  force  on,  §82.  p30. 

Conditions  affecting  dimensions  of.  §82,  plO. 

Conditions  affecting  height  of,  §82,  pl4. 

Cnishing  of,  §82.  p25. 

Economic  arrangement  of.  §82,  p5. 

Effect  of  draft  on.  §82.  p29. 

Effect  of  ice  on,  §82.  p29. 

Effect  of  longitudinal  thrust  on,  §82.  p31. 

Estimates  for.  §82.  p6. 

Failure  of.  from  imperfect  foimdation.  §82, 
p26. 

Footings  for,  General  remarks  on,  §82.  pl3. 

for  running  streams.  §82,  p20. 

for  trestles,  §82.  pi 6. 

for  trestles.  Construction  of.  §82.  p66. 

Forces  tending  to  cause  sliding  of,  §82,  p25. 

Forces  tending  to  overturn,  §82.  p24. 

Forms  of  cutwaters  for,  §82,  p20. 

in  streets,  §82.  pl4. 

Materials  used  fur.  §82,  p62. 

Moment  of  water  pressure  on,  §82,  p35. 

Moments  of  wind  pressure  on.  §82,  i)33. 

near  railroad  tracks,  §82,  pl6. 

Number  of,  §82.  p7. 

Plans  for,  §82,  p9. 

Pressure  of  ice  on.  §82,  p29. 

Pressure  of  water  on,  §82,  p28. 

Pressure  on  foundation  of.  §82,  p43. 

Pressure  on  subfoundation  of.  §82.  p43. 

Resistance  of,  to  overturning,  §82,  p36. 

Resistance  of,  to  shding,  §82.  p41. 
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Resisting  moments  of,  §82.  p36. 

Specifications  for,  §82,  p64. 

Stability  of,  §8^,  pp23,  26. 

Undermining  of,  §82.  p66. 

Use  of  metallic  cylinders  for,  §82,  p64. 

Wind  pressure  on,  §82,  p27. 
Pin-connected  trusses.  Specifications  for  de- 
tails of,  §74.  ppl8.  38. 
Pinholes,  Specifications  relating  to,  §74,  p49. 
Pin  nuts,  Drawing  of,  §83,  p7. 

nuts.  Specifications  relating  to,  §74,  p50. 

plates.  Drawing  of.  §83.  p25. 

plates  for  hb.  Design  of.  §78,  pl6. 

plates.  Specifications  for,  §74.  ppl9.  39. 
Pine,  White,  Working  stresses  in.  §80,  p4. 

Yellow,  Working  stresses  in,  §80,  p4. 
Pins  for  combination  bridges.  Design  of,  §80, 
p38. 

for  hb.  Design  of,  §78,  pi  6. 

Specifications  for  size  of,  §74,  ppl8,  38. 

Specifications  relating  to,  §74,  pSO. 
Pitch  of  flange  rivets  in  plate-girder  railroad 
bridge,  §76,  p29. 

of  roof  truss.  Definition  of,  §81 ,  p7. 
Plan,  Bridge-scat,  for  hb,  §78,  p45. 

Bridge-seat,  for  rtb,  §79.  p64. 

Definition  of,  as  applied  to  drawings.  §76 . 
P3. 

of  I-beam  hb.  §76.  pll. 

of  I-beam  railroad  bridge,  §76,  pl7. 

of  plate-girder  railroad  bridge,  §76,  pl9. 
Plans  for  piers  and  abutments.  §82,  p9. 
Plate-girder  bridges,  Deck,  §75,  pi 7. 

-girder  bridges.  Half-through.  §75,  pl7. 

-girder  flanges.  Design  of.  §76,  p5. 

-girder  members.  Lengths  of,  §76,  pi 9. 

-girder  railroad  bridge,  Design  of.  §76.  pl9. 

girder.  Section  modulus  of,  §75,  p3. 

-girder  web,  Shear  in.  §75,  pi 2. 

-girder  web,  Stiffeners  for,  §75,  pl3. 

girders.  Bearings  for.  §76,  p30 

girders.  Design  of  splices  for.  §75.  pl9. 

girders.  Design  of  webs  for.  §75.  plO. 

girders.  Distribution  of  reaction  on,   §75, 
p31. 

girders  for  railroad  bridge,  Depth  of,  §76. 
p21. 

girders  for  railroad  bridge,  Spacing  of,  §76. 
p21. 

girdtrs,  General  features  of  design  of.  §75. 
pl7. 

girders,  Length  of  flange  members  for,  §75. 
P7. 

girders.  Specifications  for  details  of,   §74, 
ppl4.  35. 

girders  with  inclined  flanges,  §75.  pi 7 
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Plate— (Contin  ued) 
girders    with    vertical    flange    plates,  |75, 

pl8. 
Name,  Specifications  relating  to,  574,  p53. 
Splice,  Definition  of,  §75,  p20. 
Plates,  Drawing,  General  directions  for  ma- 
king, 583.  p8. 
Drawing,  Size  of,  583,  p9. 
Flange,  for  plate-girder  railroad  bridge,  570. 

p36. 
Flange,  in  intermediate  floorbeams  of  rtb. 

Length  of.  §79,  pl3. 
Flange,  Specifications  for,  574.  ppl6,  36. 
of  hb  details.  Description  of,  683,  ppll.  19, 

25.31. 
Pin,  Drawing  of,  §83.  p25. 
Pin,  for  hb.  Design  of^  §78.  pl6. 
Pin,  Specifications  for.  §74,  ppl9,  39. 
Reinforcing,  for  plate  girders,  575,  p31,  33. 
Vertical  flange.  §75,  pl8. 
Web,  Specifications  relating  to,  §74,  p48. 
Pockets  in  bridge  scat  of  abutment.  §82.  p51 , 
Portal  bracing.  Specifications  for,  §74,  i>p22, 
41. 
for  rtb.  Stresses  in.  579.  p42. 
of  hb.  Connections  of,  578,  p45. 
of  hb.  Design  of,  577,  pp45,  50. 
of  hb.  Stresses  in   §77,  p45. 
of  rtb.  IVsi^n  of,  §79.  p46 
post,  End  (sec  also  Fnd  pest). 

End,  of  hh,  CV»nncction  of,  to  portal.  §78, 

1.4.'). 
End.  of  rtb,  Dt-si^^n  of.  §79.  im)37,  46. 
Pressure  of  iee  on  jmrs.  §82,  ii29. 
of  w.iter  f>n  I'iers,  §82,  i)28. 
of  water  on  piers,  Moment  of.  §82,  p3.5. 
of  wind  r^n  bri(U:es.  Specirualiuns  tor,  §74, 

pp8.  27. 
on  foundation  <.f  a  pier.  §82.  p43. 
on  stibfotnulation  of  a  i»ier,  §82,  p43. 
Wind.  Allowance  for.  in  intermediate  floor- 

Ijearns  of  rtb.  §7«).  pll. 
Wind.  Allowance  f'-r,  in  trusses  of  rtb,  §79, 

p24. 
Winrl,  <in  i>i(TS.  §82,  p27. 
Wind.  <.n  r....f  trus^;<.-s.  §81,  p9. 
Wind,  on  rtb.  §7'.^  p:^8. 
Pr'.jV'sals  for  bridjies.  §74,  p3. 
Purlins.  Definition  of,  §,S1,  y)5. 


Oueenpost   t/u^;^.   !)<  stription  of.  §S().  pl4. 

truss,  Strcssc-i  in,  §>n().  i)17, 
Queenr'xl    brid/.-     \\ii1i.:iit     ''.ia^onals,     §80, 

p2;i. 

tniss.  Description  of,  §,S().  y)14. 
truss.  Stres^;es  in.  §80,  pl7. 


Rafter,  Common.  Definition  of,  |81.  p6. 
Definition  of,  §81,  p5. 
joints  for  steel  roof  trusses.  581,  p44- 
joints  for  wooden  roof  trusses,  581,  p44. 
Main.  Definition  of,  581,  p5. 
Railing,  Hand,  for  highway  bridges,  Spedfica* 

tions  for,  574,  p35. 
Railroad    bridge,   I-beam,    Design    of,  §76. 
p2. 
bridges.  Specifications  for  the  design  of,  §74. 

p5. 
bridges,  Weights  of,  574.  p66. 
tracks.  Piers  near,  582,  pi 6. 
truss  bridge.  Bridge-scat  plan  for,  579,  p6i 
truss  bridge.  Design  of,  579,  pi 
truss  bridge,  Design  of  bearings  for.  579, 

p61. 
truss  bridge.  Design  of  chord  splices  for.  579, 

p48. 
truss  bridge.  Design  of  end  struts  for.  579, 

pl8. 
truss  bridge,  Design  of  intermediate  floor- 
beams  for,  579.  plO. 
truss  bridge,  Desigjn  of  joints  for,  579,  p51. 
truss  bridge,  Design  of  lateral  system  of, 

579,  p38. 
truss  bridge,  Design  of  main  members  of. 

§79.  p27. 
truss  bridfTC,  Design  c^f  stringers  for.  §79.  p3. 
truss  brid^re.  Selection  of  t\'pe  of,  §79.  pi. 
truss  bridge.  Stresses  in  main  members  of. 

§79.  p21. 
truss  bridge.  Weight  of,  §79.  p23. 
tniss  bridKc,  Width  of,  §79.  p3. 
Reaction  on  plate  girders.  Distribution  of .  5/5. 

pp31,33. 
Reactions  on  roof  trusses,  §81    pll. 
Reaming,  Si)ecifieations  relating  to,  §74,  p47. 
Reentrant  angles,  Si>ecifications  relating  to. 

§74.  p46. 
Reinforcing  plates  for  plate  girders,  §75,  p31. 
Rejection  «)f  materials,  Si)ecifications  relating 

to,  §74,  p45. 
Resisting  moment  of  plate-girder  yvch,  §75, 
p20 
nKtment  of  web-splice  rivets,  §75,  p21. 
moments  of  piers.  §82,  p36. 
Reversal  of  stress.  Specifications  relating  to. 
§74,  ppll,  30. 
of  stresses.  Allowance  for.  §74.  p65. 
Rise  of  roof  truss,  Definition  of,  581,  pp5.  7. 
Rivet  k'rip.  Specifications  for.  §74,  pl2. 
heads  on  drawing  plates.  Size  of,  §83.  pll. 
h(4es,  Si)ccifications  relating  to,  §74,  p47. 
si)acing.  Specifications  for,  §74.  ppll.  31. 
steel,  Specifications  for,  574,  p42. 
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Riveted  members.  Specifications  relating  to. 

§74,  pp48.  49. 
tension  member  for  pin-connected  trusses. 

Specifications  for,  J74.  ppl8.  39. 
tnisses.  Joints  in,  §97.  p51. 
trusses,  Specifications  for,  §74,  ppl7,  37- 
Rivcting.  Field,  of  splices.  Specifications  re- 
lating to.  874,  p52. 
of  girders.  Specifications  relating  to.   574. 

pl7. 
Specifications  relating  to.  {74,  p48. 
Rivets,  Conventional  signs  for,  §83,  p7. 
Flange,  in  intermediate  floorbeams  of  rtb. 

J79.  pl4. 
Flange,  in  plate  girders.  Specifications  for, 

§74,  ppl5.  36. 
Flange,  in  stringers  of  rtb,  §79,  p7. 
Flange,  Pitch  of.  in  plate-girder  railroad 

bridge,  §76.  p29. 
in  flange-angle  splices.  §75,  p25. 
in  flanges  of  hb  floorbeams.  §77,  ppl9,  25. 
in  plate  girder  flanges,  Pitch  of,  §75.  pl4. 
Number  of,  in  stiff"cners.  §76.  p32. 
Specifications  for  size  of,  §74,  ppll,  31. 
Specifications  relating  to,  §74,  p47. 
Specifications  relating  to  bearing  values  of, 

§74.  ppll,  30. 
Web-splice.  Resisting  moment  of,  §75,  p21. 
Roads,  Piers  in.  §82.  pl4. 
Rocker  bearings  for  plate  girders,  §75,  p34. 
Roller  nest  for  hb.  §78,  p42. 
Rollers,  Expansion,  for  bridges,  Specifications 

for,  §74,  pp20.  40.  60. 
for  hb.  §78.  p42. 
for  ttb,  §79,  p62. 
Roof  truss.  Chord  of.  defined,  §81,  p5. 
-truss  covering.  Materials  for.  §81,  p7. 
truss.  Depth  of,  defined,  §81.  p5. 
truss.  Manner  of  expressing  slope  of,  §81, 

p7. 
truss.  Members  of,  §81,  p5. 
truss.  Panel  length  of,  §81,  p6. 
truss,  Rise  of,  defined.  §81.  pp5,  7. 
truss,  Rim  of,  §81,  p7. 
truss.  Span  of,  defined,  §81.  p5. 
truss  with  monitor.  Stresses  in.  §81,  p30. 
trusses.  Connections  for.  §81,  p44. 
trusses,  Dead-load  stresses  in,  §81,  ppl6,  23, 

33. 
trusses.  Design  of,  §81,  p41. 
trusses.  Examples  of  stress  calculations  fur, 

§81,ppl4.  21,30. 
trusses.    General    methods    of    calculating 

stresses  in.  §81,  pl4. 
trusses.  Lateral  systems  for,  §81.  p42. 
trusses.  Loads  on,  §81,  p8. 
trusses.  Materials  for,  §81,  p41. 
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trusses.  Monitors  on,  §81,  p4. 

trusses,  "Panel  loads  on.  §81.  p9. 

tru.sses.  Reactions  on,  §81.  pll. 

trusses.  Snow-load  stresses  in,  §81,  ppl6, 
23,33. 

trusses.  Types  of,  §81,  pi. 

trusses.  Uses  of.  §81.  pi. 

trusses.  Wind-load  stresses  in,  §81,  ppl8. 
24.  35. 

trusses,  Wind-pressure  on,  §81,  p9. 

trusses.  Working  stresses  for,  §81 ,  p41 . 
Run  of  roof  truss.  Definition  of,  §81,  p7. 

S 

Seat,  Bridge  (see  Bridge  seat). 
Section  modulus  of  plate  girders,  §75,  p3. 
Selection  of  type  of  bridge,  §74,  p56. 
Shapes,  Structural,  Representation  of .  §83.  p5. 

Structural.  Standard,  §83,  pi. 
Shear  in  plate-girder  web,  §75.  pl2. 

Longitudinal.  §75,  pplO.  12. 
Shearing  stress  in  beams.  Distribution  of,  §75, 
pplO.  12. 
working  stresses  for  timber,  §80.  p6. 
Shears.  Dead-load,  in  intermediate  floorbeams 
of  rtb.  §79.  pi. 
Dead-load,  in  rtb,  §79,  p23. 
Dead-load,  in  stringers  of  rtb,  §79,  p5. 
in  end  floorbeam  of  hb,  §77.  pp22.  24. 
in  intermediate  floorbeams  of  hb,  §77,  ppl5, 

17. 
Live-load,   in   intermediate   floorbeams  of 

rtb,  §79,  plO. 
Live-load,  in  rtb,  §79,  p21. 
Live  load,  in  stringers  of  rtb.  §79.  p3. 
Maximum,  in  rtb,  §79,  p25. 
Shipment  of  bridge  materials.  Specifications 

for,  §74,  p50. 
Shortened  Wews  of  bridge  parts,  §83,  p3. 
Sidewalk  bracket.  Drawing  of.  §83,  p22. 
bracket  of  hb,  Connection  of,  to  floorbeam, 

§78,  pll. 
bracket  of  hb.  Connection  of.  to  truss.  §78. 

p9. 
brackets  for  hb.  Design  of,  §77,  pp2(),  25. 
stringers  for  hb.  Design  of,  §77.  p6. 
stringers  of  hb.  Connection  of,  to  brackrts, 
§78.  p3. 
Signs  for  rivets.  §83.  p7. 
Skeleton  drawing  of  a  truss.  §83,  plO. 
Skew  abutment.  Definition  of,  §82,  pp4,  59. 
abutments.  Design  of.  §82,  p59. 
bridge  crossing,  §82,  p4. 
Sliding  of  piers.  Forces  tending  to  cause,  §82, 
p25. 
Resistance  of  piers  to,  §82  p41. 
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Slope  of  roof  truss.  Manner  of  expressing. 

J81.P7. 
Snow  load  on  roof  trusses,  881,  p8. 

•load  stresses  in  roof  trusses,  $81.  ppl6,  23. 

33. 
Sole  plates  for  bridges,  Specifications  for,  574. 

p21. 
Solid  floors.  Specifications  for,  574,  pl4. 
Spacing  of  I  beams  for  hb,  576,  p3. 

of  I  beams  for  railroad  bridge,  576,  pl4. 
of  plate  girders  of  railroad  bridge,  576,  p21. 
of  roof  trusses,  581,  p4. 
of  stringers  for  hb,  577,  p5. 
of  stringers  for  rtb,  579,  p3. 
Span  of  I-beam  hb,  576,  pi. 

of  I-beam  railroad  bridge.  576,  pl2. 
of  roof  truss,  Definition  of,  581,  p6. 
Specifications.  Bridge,  Development  of.  574, 

Pl. 
Definition  of,  574.  p2. 
for  bracing  of  bridges,  574,  pp21,  41. 
for  bridge  materials,  574,  p42. 
for  bridge  ties.  574.  ppl3,  32. 
for  connection  angles  for  floors,  574,  ppl4, 

45. 
for  design  of  compression  members,  574, 

pplO.  12.  29.  35. 
for  design  of  floor  members,  574,  pplO,  15, 

32. 
for  details  of  b<'arings  (^f  bridges.  §74,  pp20. 

40. 
inr  details  nf  floor  systems,  §74,  ppl3.  33. 
for  details  of  jnn -connected   trusses,    §74. 

PPIS.  38. 
for  details  of  j^latc  girders,  §74.  ri)14,  Sf). 
for  details  of  riveted  trusses,  §74,  ppl7,  37. 
for  details  of  steel  tre.stles.  §74,  rijl9.  39. 
for  details  of  viaducts.  §74,  ppl9,  39. 
for  end  floor! )t'ams,  §74,  pl4. 
for  flange  rivets  in  plate  girders,  §74,  ppl.5. 

36. 
for  flun^res  of  plate  jjirders.  §74,  pplT).  36. 
for  fliiurini^  of  deck  bridges,  §74,  pl4. 
for  K"ard  timbers  for  bridpes,  §74,  I)pl3,  32. 
for  lattice  bars.  §74.  V]>\2.  31. 
for  live  load  ou  brid>,'«.'S.  §74.  im>7.  24. 
for  lonj^itudinal  force  on  bridges,  §74.  pp8, 

27. 
f<;r  painting  of  bridges,  §71.  pol. 
for  jiiers  anfl  abutnieuts,  §S2,  i)64. 
for  rivet  k'rip.  §74.  pl2. 
for  rivtt  spacing.  §74.  ppl2,  31. 
f.)r  siz.-  r.f  rivets.  §74.  i)pll,  31. 
for.s.>lid  floors.  §71.pl4. 
f«»r  steel  «a-^tin(,'s,  §74.  p43. 
for  stifTen<rs  <.f  i)late  yiiders.  §74.  ppl4.  'AF). 
for  the  construction  of  bridges,  §74,  p42. 


Specifications — (Contin  ued) 

for  the  design  of  railroad  bridges,  §74,  p6. 
for  the  design  of  steel  bridges.  574,  p8. 
for  tie-plates,  574.  ppl2,  31. 
for  web  splices  for  plate  giiders,  574,ppl5, 

35. 
for  wind  pressure  on  bridges.  574,  ppl8,27. 
for  working  stresses  on  bridges.  574,  pp8, 

28. 
relating  to  bearing  values  of  rix-els.  §74. 

ppll.30. 
relating  to  bolts,  574,  p48. 
relating  to  bridge  data.  574.  pplO.  29. 
relating  to  bridge  details,  574.  ppll,  30. 
relating  to  bridge  inspection.  574.  p53. 
relating  to  bridge  loads.  574,  pp7,  24. 
relating  to  camber.  574,  ppl3.  32. 
relating   to   centrifugal    force   on  bridges. 

574,  pp8,  27. 
relating  to  clearance  in  through  bridges, 

574.  p6 
relating  to  combined  stresses.  574.  ppU. 

30. 
relating  to  connections  of  I  beams,  §74, 

pl3. 
relating  to  depth  of  bridges.  574,  pp5.  23. 
relating  to  erection  of  bridges,  574,  p52. 
relating    to    expansion    of    bridges,    574. 

ppl3,  32. 
relating  to  floor  connections,  574.  ppl3.  34. 
relating  to  ga\ige  of  tracks,  §74.  p6. 
relating  to  impact.  §74,  pp7.  26. 
relating  to  kinds  of  bridges,  §74.  pp5.  22. 
relating  to  mill  tests,  §74,  p44, 
relating    to    minimum    of     thickness     of 

material,  ppll.  30 
relating  to  number  of  trusses.  574,  p6. 
relating  to  reversal  of  sti-ess,  §74.  ppll,  30. 
relating  to  riveting  of  girders,  §74,  pl7. 
relating    to    single-angle     mcmS^rs.     §74. 

ppll,  31. 
relating   to  spacing   of  deck  girders.   §74. 

pp5.  23. 
relating  to  spacing  of  stringers,  §74.  ppCi. 

23. 
relating  to  spacing  of  tracks,  §74.  pp6,  23. 
relating  t«>  spacing  of  tnisses.  574,  pjvC.  2.'i- 
relating    to   use    of  half-throtigh   brid^ris, 

§74.  p6 
relating  to  vibration.  §74.  pp7.  26. 
relating  to  workmanship  of  bridges,  §7-i 

p46. 
SpliVe  plates.  Definition  of.  §75,  p20. 
Sjjlices,  Flan«e  angle,  §75,  p23. 

Flange,    for    plate    girders.    Specifications 

for.  §74.  ppl6.  37. 
Flange  plate.  §75,  p26. 
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splices — (Continued) 

for  plate-girder  railroad  bridge,  §76,  p39. 

for  plate  girders.  Design  of,  {75,  pl9. 

for  wooden-bridge  members,  §80,  p28. 

in  chords  of  Towne  lattice  truss,  880,  p34, 

in  top  chord  of  hb,  §78.  pl4, 

in  vertical  flange  plates,  §75,  p28. 

Web,  for  plate  girders.  §75,  p20. 

Web.  for  plate  girders.  Specifications  for, 
§74.  ppl5.  35 
Spruce,  Working  stresses  in,  §80,  p4. 
Subility  of  abutments,  §82,  p62. 

of  piers  against  overturning,  §82,  p36. 

of  piers.  Theory  of,  §82.  p23. 
Standard  structural  shapes,  §83,  pi. 
Steel  castings,  Specifications  relating  to.  |74, 
pp43,  50. 

Rivet  Specifications  for,  §74,  p42. 

roof  trusses,  Joints  for.  §81,  p49. 

Structural,  Specifications  for,  §74,  p42. 

trestles.  Specifications  for  details  of,  §74, 
ppl9,  39. 

Use  of,  in  combination  bridges,  §80,  p6. 
Stem  of  a  T  abutment.    Definition    of.  §82, 

p48. 
Sticks  in  wooden  bridges,  §80,  p24. 
Stiffeners,  Crimped.  §75,  p32. 

for  plate-girder  railroad  bridge,  §76,  p29, 
40. 

for  plate-girder  webs,  §75,  pl3. 

in  plate  girders,  End.  §75,  p31. 

Number  of  rivets  in,  §75,  p32. 

of   plate    girders.    Specifications   for,    §74, 
ppl4.  35. 

Specifications  relating  to,  §74,  p48. 
Stone  for  piers  and  abutments,  §82,  p62. 

masonry,  Joints  in,  §82,  p64. 
Straight-wing  abutment,   Definition  of,  §82, 
p53. 

-wing  abutments    Design  of,  §82,  p67. 
Streams,  Piers  for,  §82,  p20. 
Streets.  Piers  in.  §82.  pl4. 
Stress,  Reversal  of,  Specifications  relating  to, 
§74,  ppll,30. 

sheets  furnished  to  bidders,  §74,  p4. 
Stresses,  Combined,  Specifications  relating  to, 
§74,  ppll,  30. 

Dead-load,  in  roof  trusses,  §81,  ppl6,  23, 
33. 

due  to  impact  and  vibration,  §74,  p63. 

in  beams,  §75,  pi. 

in  end  post  of  hb,  EfTcct  of  wind  on,  §77, 
p51. 

in  hb  lateral  system,  §77.  p42. 

in  kingrod  and  kingpost  trusses,  §80,  p9. 

in  lateral  system  ot  rtb,  §79,  p38. 

in  main  members  of  hb,  §77,  p26. 
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Stresses— (Contintied) 

in  main  members  of  rtb,  |79,  p21. 

in  plate  girders  of  railroad  bridge,  |76,  p22. 

in  portal  of  hb,  §77,  p45. 

in  portal  of  rtb,  §79,  p42. 

in  queenpost  and  queenrod  trusses,   §80, 

pl7. 
in  roof  truss  with  monitor,  §81 ,  p30. 
in  roof  trusses.  General  methods  of  calcu- 
lating, §81.  pl4. 
in  roof  trusses.  Wind-load.  §81,  ppl8,  24. 

35. 
in  wooden  bridges.  Methods  of  calculating, 

§80,  p4. 
Reversal  of.  Allowance  for.  §74.  p65. 
Snow-load,  in  roof  trusses,  §81.  ppl6,  23, 

33. 
Working,  for  roof  trusses,  §81,  p41. 
Working,  for  timber  for  wooden  bridges, 

§80,  p5 
Working,    in    bridges.    Specifications    for, 
§74,  pp8,  28. 
Stringer,  Center,  of  hb.  Connection  of,  §78,  p9. 
connections.  Specifications  for,  §74,  ppl3, 
34. 
Stringers  for  hb.  Design  of,  §77,  p4. 
for  rtb.  Design  of,  §79,  p3. 
for  rtb.  Live-load  moments  in,  §79,  p3. 
for  rtb,  Live-load  shears  in,  §79,  p3. 
for  rtb.  Spacing  of,  §79,  p3. 
of  rtb.  Bridge  seats  for,  §79,  p65. 
of  rtb,  Connection  of,  to  floorbeam.  §79,  p9. 
of  rtb.  Lateral  bracing  between,  §79,  p6. 
Roadway,  for  hb.  Connection  of,  to  floor- 
beams.  §78,  p5. 
Sidewalk,  of  hb,  Connection  of,  to  brackets, 

§78.  p3. 
Specifications  relating  to  spacing  of,  |74, 

pp5.  23. 
under  track  of  hb,  Connections  of,  §78,  p7. 
Structural  shapes,  Representation  of,  §83,  p6. 
shapes,  Standard,  §83.  pi. 
steel,  Specifications  for,  §74.  p42. 
Struts,  End,  for  rtb,  Design  of,  §79,  pl8. 
Studs  for  expansion  rollers.  §78.  p42. 
Subcontractors,  §74,  p4. 
Subfoundation  of  a  pier.  Pressure  on,  |82, 

p43. 
Substructure,  Definition  of,  §82,  p2. 
Superstructure,  Definition  of,  §82,  p2. 
System,  Floor,  for  rtb.  Design  of,  §79,  p3. 


T  abutment,  Definition  of,  §82,  p48. 

abutments,  Design  of,  §82.  p52. 
Tail  of  a  T  abutment,  Definition  of,  §82.  p48. 
Tensile  working  stresses  for  timber.  §80,  p6. 
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Tciisit)!!  members  for  pin-connected  trusts. 
Specifications  for.  574.  ppl8.  39. 
memlxjrs  of  riveted  trusses,  Sjwcifications 

relating'  to  form  of.  §74,  ppl7,  38. 
members,  Specifications  for  dcsiKti  of,  §74, 
pplO.  29. 
Test,  Final,  of  a  bridge.  Specifications  rela- 
ting to,  §74,  p53. 
Testing  of  matei  ial  should  be  at  contractor's 

expense,  §74,  p54. 
Tests,  E>-cbar,  Specifications  for,  §74,  p45. 
of  bridge  material^:.  Specifications  relating 
to,  §74,  p44. 
Thickness  of  abutment  wings.  §82,  p57. 
of  bridge  parts.  Minimum,  §74.  i>.30. 
of  material.   Minimum,  Specifications  for, 
§74,  ppll,30. 
Through  britiges,  Specifications   relating    to 

clearance  in,  §74,  p6. 
Thrust,  Longitudinal,  Allowance  for,  in  rtb, 
§79,  p25. 
Longitudinal,  EflFcct  of ,  on  piers   §82,  p31. 
Tie-plates.  Specifications  for,  §74.  ppl2,  31. 
Ties,  on  bridges,  Specifications  for.  §74,  ppl3, 

32. 
Tight  fillers  for  plate  girders,  §75,  p33. 
Timber  for  wooden  bridges.  Kinds  of,  §80,  p4. 
for  wooden  bridges,  Working  strengths  of, 

§S0.   JM. 

Ust-  of.  for  piors  and  al)Uli:icnts.  5^2,  p€A. 
Tiiiu',  Extension  of,  in  bridi^c  contracts,  §74, 

p4. 
Ti-p  chord  of  hb.  Splices  in,  §78,  pl4. 

chonl  of  bb,  DcMtrn  ..f.  §77,  p39. 

chord  of  hb.  Width  of.  $78.  pl7. 

ch-.rd  of  Ilr.wc  \v<M.,k-n  hvul^i-,  §80.  p2G. 

ch.-rd  of  ,1b.  D.M;;n  of.  §79.  ]»:i4. 

chord  of  rtb.  Kcii-nlrivity  <.f.  §79    p37. 

chonl  .:|  rib.  vSj.licKu:  of.  §79.  i>4S. 

course  of  a  pier,  Di-finiti'-n  of.  §.S2.  p2. 
ToNvcrs  r-r  via<!iKts,  Sixcificiitions  for,  §74, 

Pi)i9.  :-;9. 

Townc  lalti<c  tru<-..  Conncai'-ns  in.  §S0.  p32. 

lattice  tr-.i^s.  Dcsinj.ti. -n  of.  ^Xl),  p32. 

latti.  e  tri;.-;.  Fl-.'rbcarn^  f..r,  §S0.  1)32. 

lattice  ln;>.<,   I,at.  ral  system  f'.r.  §.S0.  p3r>. 

lattice  truss,   R-.t  f-.r.  §,sn.  j-.'^'j. 

laftiv.e  truss,  Si'lices  in  chord  nienilK.'rs  of, 
$.S().  j.:u. 
Tracks.  Piers  T.^ar.  §SL>,  i)lG. 

Si'C' itic.-iti- His  relatiui'  to  >rau;^-  of.  §74,  p(>. 

S]M(  ifi.  ati-.ns    :v!at::ij'    t-.  si.aunx  "f.   §74, 

Tran<\(.rM'   brai  im:  of  'i»ri<!;:es.  Sj  i.-cifications 
for.  §71.  VV2],  41. 
frame  <'f  bli,  Connection  of,  to  truvs.  §78, 
p43. 


Transverse — (Continued) 

frames  for  hb.  Design  of,  §77.  p45. 
frames  fol-  rtb.  Arrangement  of.  §79.  p41. 
working  stresses  for  timber,  §80,  p5. 
Trestle  bents.  Steel,  Specifications  for,  §74, 

ppl9.  39. 
Trestles,  Pedestals  for,  §82.  pi 7. 

Pedestals  for.  Construction  of,  §82,  p6fl. 
Piers  for,.  §82,  pi 6. 
Piers  for.  Construction  of,  §82.  p66. 
Steel,  Specifications  for,  §74,  pp19.  39. 
Truss.  Connection  of,  to  intermediate  floor- 
beams  in  rtb.  §79.  pl5. 
Kingpost.  Description  of,  §80,  p7. 
Kingrod,  Description  of,  §80,  p8. 
of  hb,  Connection  of,  to  end   floorbeam. 

§78.  pl2. 
of  hb, -Connection  of,  to  intermediate  floor- 
beam,  §78,  p9. 
of  hb.  Connection  of,  to  sidewalk  bracket.  • 

§78,  p9. 
of  hb.  Connection  of.  to  transverse  frame, 

§78.  p43. 
Oueenpost,  Description  of,  §80,  pl4. 
Oucenn)d.  Description  of.  §80.  pl4. 
Trusses  of  rtb,  Design  of.  §79,  p21. 

Pin-connected.  Specifications  for  details  of, 

§74.  PP18.38. 
Riveted,  Specifications  fcjr  details  of,  §74, 

ppl7.  US. 
Roof.  Distance  b<'f\veen.  §81.  i>4. 
Sivcifications  relating  ti.>  iiundx."r  of,  §74, 

PO. 
Si>erifications  relating   to  spacing  of.   §74. 
ppG.  23. 

U 
U  abutment,  Definition  of,  §82.  ]AS. 

abutments,  IX-sign  (;f,  §82,  p.>3. 
Undermining   of   piers  and   aV'utments.    §S2. 

poo. 

Upper  lateral  truss  of  hb.  Connections  of.  §78 
p43. 
lateral  truss  of  hb.  Design  of,  §77,  pi.>43.  4S 
lateral  truss  i>f  rtb,  Design  of.  §79.  i)44. 
lateral  tniss  of  rtb.  Stresses  in.  §79.  i>38. 

V 

Vertical  flange  plates,  Plate  girders  with.  §75. 
pl8. 

flange  plates,  Splices  in,  §75.  p28. 

Hip,  Drawing  of,  §83.  p27. 

Hip,  of  hb.  Desi):n  of.  §77.  p37 

Hip.  of  rtb,  Design  of,  §79,  p.33. 

web  meml)ors  of  hb.  Design  of,  §77.  p3G. 
Verticals.  Cc^n^jiression,  of  rtb.  Desit^n  of,  §79, 
P31. 

Drawing  of,  §83.  p20. 
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Verticals— (Continued) 

of  hb.  Width  of,  §77.  i>38. 
Viaducts,  Specifications  for  details  of,   {74. 

ppl9,  39. 
Vibration,  Effect  of.  on  bridge  stresses,  §74, 

p63. 
Views.  Shortened,  of  bridt^e  parts,  §83,  p3. 

W 

Web,  Effect  of,  in  resisting  bending  moment, 

§75.  p6. 
Floorbeam,  for  hb.  Design  of,  §77,  ppl8, 

24. 
members  of  hb,  Design  of,  §77,  p35. 
members  of  riveted  trusses.  Specifications 
'  for,  §74,  ppl7,  18.  37,  38. 
members  of  rtb,  Design  of.  §79,  pp30,  31, 

33. 
of  intermediate  floorbeams  of  rtb.  Design 

of,  §79.  pl2. 
of  plate  girder.  Design  of,  §75.  plO 
of  .stringers  of  rtb,  Design  of,  §79.  p5. 
Plate-girder,  for  railroad  bridge.  Design  of, 

§76.  p28. 
Plate-girder,  Resisting  moment  of,  §75,  p20. 
Plate-girder.  Shear  in,  §75,  pl2. 
plates.  SpecificaticMiK  relating;  to,  §74.  p48. 
-splice   rivets.   Resisting  moment  of,   §75, 

p21. 
splices  for  plate  girders,  Design  of.  §75,  p20. 
splices  for  plate  girders.  Specifications  for, 

§74,  ppl5.  35. 
Weight  of  hb,  §77,  p30. 

of  rtb,  §79,  p23. 
Weights  of  bridges.  §74,  p66. 
Welding,    Specifications     relating     to,     §74 

p4tt. 
Wheel  guards  f<-»r  wooden   floon,.   Specifica- 
tions for,  §74.  p34. 
White  oak.  Working  strcsf.es  in.  §80,  i>4. 

pine.  Working  stresses  in,  §80.  p4. 
Width  of  a  bridge.  §74,  p57. 
of  base  of  abutment,  §82,  p51. 
oi  hb,  §77.  p3. 
of  rtb,  §79.  p3. 
of  top  chord  of  hb,  §78,  pi 7. 
of  verticals  of  hb,  §77,  p38. 
Wind  load.  Allowance  for,  in  stringers  of  rtb, 

§79.  p5. 
load  on  hb.  §77.  pp31.  42. 
load  on  I-bcam  railroad  bridge'  §76.  pl5, 
load  on  plate-girder  railroad  bridi.!e,   §76. 

p25. 
-load  stresses  in  roof  trusses,  §81,  ppl8.  24. 

35. 
pressure.    Allowance    for.    in    intermediate 

floorbeams  of  rtb,  §79,  pll. 


Wind— (Continued) 

pressure,  Allowance  for.  in  stringers  of  rtb, 

§79,  p5. 
pressure,  Allowance  for,  in  trusses  of  rtb, 

§79,  p24. 
presstue  on  bridges.  Specifications  for,  §74, 

pp8.  27. 
pressure  on  hb.  §77.  p31. 
pressure  on  piers.  §82.  p27. 
pressure    on    pieis.  Overturning   moment.-* 

of,  §82,  p33. 
pressure   on    plate -girder   railroad    bridge, 

§76,  p25. 
pressure  on  roof  trusses,  §81,  p9. 
pressure  on  itb    §79,  p38. 
stresses.  Effect  of,  on  end  post  of  hb,  §77. 

p51. 
stresses  in  hb  lateral  system,  §77.  p42. 
Wing  abutment.  Definition  of,  §82,  pp2,  48. 

abutments.  Types  of,  §82,  p53. 
Wings.  Abutment.  Forms  of,  §82,  p56. 
Abutment.  Size  (»f,  §82,  p56. 
Abutment,  Thickness  of.  §82.  p57. 
Pier,  Definition  of.  §82.  p2. 
Wood,  Use  of,  for  bridge  construction.  §80, 

Pl 
Wooden  bridge,  Howe,  Chords  of,  §80.  p26. 
bridge.  Howe.  Lateral  system  far,  §80.p31. 
bridge,  Towne  lattice  (.see  Tawttc). 
bridges.    General    methods    of    calculating 

stresses  in.  §80,  p4. 
bridges,  Kinds  of  timber  for,  §80,  p4. 
bridges.  Types  of,  §80,  p3. 
bridges.  Uses  of.  §80.  pl. 
floors  for  bridges.  Specifications  for,   §74 

p32. 
Howe  truss.  Description  of,  §80.  p24 
roof  trusses,  Joints  for.  §81.  p44. 
Work.  Extra.  Specifications  relating  to.  §74, 

p53. 
Working  drawings  submitted  by  contractor. 

§74.  p4. 
lines  of  I-beam  railroad  brid^je,  §70,  pl8. 
strengths  of  timber  for  wooden  bridges,  §80, 

p5. 
stresses  for  roof  tniss<'s,  §81,  p41. 
stresses  in  bridges,  Si)ecifications  for.  §74, 

PI>8.  28. 
stresses  in  I-ljeam  hb.  §76,  p9. 
Workmanshij)  of  bridges.  Specifications  rela- 
ting to,  §74.  i>46. 
Wrought  iron,  Si>ccifioations  for,  §74,  p43. 
iron    Use  of.  in  combination  bridges.  §80. 

p6. 


Yellow  pine,  Working  stresses  in,  §80,  p4. 
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